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PRINCIPLES 


OF 


HUMAN   PHYSIOLOGY. 


The  following  are  extracted  from  among  the  numerous  testimonials  of 
the  medical  press ^  in  favour  of 

CARPENTER'S  HUMAN  PHYSIOLOGY. 

**  Dr.  Carpenter's  work  is,  in  particular,  much  better  adapted  to  the  medical  student 
than  any  other  of  the  kind  we  have  met  with,  inasmuch  as  its  plan  has  a  direct  refer- 
ence to  medicine;  and  the  bearings  of  physiology  on  the  various  branches  of  that 
science  and  art  are  set  forward  in  a  philosophical  and  lucid  manner. 

<*  We  have  much  satisfaction  in  declaring  our  opinion  that  this  work  is  the  best 
systematic  treatise  on  Physiolog)'  ui  our  language,  and  the  best  adapted  for  the  student 
in  any  language." — Johnson^s  Medico-Chirurgical  Review, 

"  A  work  admirably  calculated  not  only  to  guide  and  direct  the  student  of  Physio- 
log}',  but,  from  the  agreeable  mode  in  which  old  facts  are  presented,  and  new  ones 
opened  up,  also  to  adbrd  pleasure  and  instruction  to  the  deeply  learned  in  this  branch 
of  medical  science  ....  The  style  is  everywhere  easy,  perspicuous,  and  appropriate 
to  the  subjects.  The  numerous  woo<l-cuts  and  engravings,  with  which  the  de- 
scriptions arc  illustrated,  are  judiciously  selected  and  excellently  executed.  The 
whole  work  reflects  the  highest  honour  upon  the  talents,  knowledge,  and  judgment  of 
the  author." — British  and  Foreign  Medical  Review. 

"  Numerous  as  are  the  works  on  Physiology  which  have  of  late  issued  from  the 
press,  a  volume  was  still  much  w^^Lnted  which  should  serve  as  the  hand-book  and 
text-book  of  the  medical  student.  '  The  Principles  of  General  and  Comparative  Phy- 
siology' of  Dr.  Carpenter,  which  have  just  entered  upon  a  new  edition,  and  which  we 
have  had  occasion  to  mention  with  commendation  in  our  last  volume,  had  already 
opened  the  path  to  the  extension  of  the  labours  of  that  author  into  the  more  important 
dejiartment  of  human  physiolog}'.  The  able  manner  in  which  the  subject  of  com- 
parative physiology  was  handled,  the  enlarged  and  elevated  views  entertained  by  the 
author,  at  once  pointed  to  Dr.  Carpenter  as  the  writer  by  whom  the  obvious  want  in 
the  field  of  human  physiolog}'  was  to  be  supplied.  The  volume  before  us  is  the  much- 
desired  contribution  to  our  science  for  which  we  have  long  looked. ...  In  concluding 
our  notice  of  this  volume,  we  do  so  by  recommending  it  most  strongly  to  our  readers, 
and  especially  to  our  young  friends,  who  are  preparing  a  foundation  upon  which  to 
build  their  reputation  and  future  success  in  life.  The  volume  is  beautifully  got  up; 
it  will  form  an  ornamental  addition  to  the  study  and  librar}'." — Lancet. 

**  The  *  Bristol  Medical  School'  is  fortunate  in  having  such  a  Lecturer  as  Dr.  Car- 
penter, whose  most  elaborate  and  important  work  now  lies  before  us. . . .  We  have 
been  anxious  to  bring  this  work  as  early  as  possible  before  our  readers,  not  pretending 
to  give  them  any  of  the  information  which  it  contains,  but  merely  pointing  out  to 
them  the  abundant  fountain  whence  they  may  draw  for  themselves." — Med.  Gazette. 

**  Dr.  Carpenter  has,  in  our  opinion,  fully  redeemed  the  pledge  held  out  in  his  first 
publications,  and  accomplished  the  end  which  many  others  have  failed  to  attain,  viz., 
that  of  placing  before  the  student  a  concise,  but  comprehensive  view  of  the  many 
results  of  modern  inquiry,  with  an  intelligent  appreciation  of  their  intrinsic  value. 

"  As  a  scientific  work,  it  ])laces  the  reader  in  possession  of  the  knowledge  acquired 
to  science  by  the  most  modern  as  well  as  most  ancient  physiologists.  As  a  work  of 
art,  we  cannot  too  much  commend  its  composition,  enhanced  as  it  is,  by  many  beau- 
tiful illustrations.*' — Provincial  Med.  and  Surg.  JoumaL 
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My  Dear  Sir, 

1  take  the  liberty  of  inscribing  the  following  Work  to  you,  as  an 
exprtjssion  of  my  grateful  remembrance  of  the  value  of  your  instruc- 
tions, of  my  respect  for  those  intellectual  faculties  which  render  you 
pre-eminent  amongst  the  Medical  Philosophers  of  our  time,  and  of 
my  admiration  for  those  moral  excellencies  which  call  forth  the 
warm  regard  of  all  who  are  acquainted  with  your  character. 

In  many  parts  of  this  Treatise,  you  will  find  that  doctrines,  which 
you  have  long  upheld  in  opposition  to  almost  the  whole  physiolo- 
gical world,  are  defended  with  such  resources  as  I  could  command; 
and  that,  in  many  instances,  such  convincing  evidence  of  their  truth 
has  been  afforded  by  recent  observations,  that  further  opposition  to 
them  would  now  seem  vain.  And  if  I  have  presumed  to  difier  from 
you  on  some  points,  it  has  been  in  the  spirit  of  that  independence 
which  you  have  uniformly  encouraged  in  your  pupils,  yet  with  a 
distrust  of  my  own  judgment  wherever  it  came  into  collision  with 
yours. 

That  you  may  long  be  spared  to  be  the  ornament  of  your  Univer- 
sity, and  the  honour  of  your  City,  is  the  earnest  wish  of, 

Dear  Sir, 

Your  obliged  Pupil, 

William  B.  Carpenter. 

Bristol,  Fch.  1,  1«42. 


PREFACE. 


The  composition  of  such  a  Treatise  as  the  following  was  a  part 
of  the  original  plan  of  the  Author,  when  he  first  came  before  the 
Public  as  a  writer  on  Physiology.  Being  desirous,  however,  of 
making  his  first  essay  in  the  path  which  had  been  previously  the 
most  incompletely  explored,  he  deemed  it  better  to  await  the  verdict 
upon  this  before  proceeding  further;  and  he  was  not  without  hope, 
that  some  writer,  more  fully  competent  to  the  task,  might  in  the 
mean  time  take  up  the  subject  of  Human  Physiology  in  such  a  way 
as  to  leave  nothing  for  the  Student  to  desire.  This,  however,  has 
not  been  accomplished.  The  previously-existing  Treatises  upon  it, 
which  have  been  every  year  becoming  more  antiquated,  have  not 
been  replaced  by  any  works  that  can  be  considered  as  at  the  same 
lime  sufficiently  elevated  in  their  character  to  represent  the  present 
condition  of  Physiological  Science,  sufficiently  compendious  in  their 
bulk  for  the  limited  time  at  the  disposal  of  most  Students,  and  suffi- 
cienily  practical  in  their  tendency  to  lead  their  readers  to  the  useful 
applications  of  the  facts  and  principles  they  place  before  them.  This 
is  not  the  opinion  of  the  Author  alone,  but  that  of  numerous  expe- 
rienced Teachers  throughout  the  country;  and  he  has  been  led 
to  regard  the  present  as  a  good  time  for  carrying  his  purpose  into 
execution. 

The  plan  and  objects  of  his  Treatise  may  be  gathered  from  the 
preceding  statement  of  the  reasons  which  have  occasioned  its  pro- 
duction. In  this,  as  in  his  previous  work,  it  has  been  his  object  to 
place  the  Reader  in  the  possession  of  the  highest  principles  that  can 
be  regarded  as  firmly  established,  in  each  department  of  the  Science; 
and  to  explain  and  illustrate  these,  by  the  introduction  of  as  many 
important  facts  as  could  be  included  within  moderate  limits.  In 
every  instance,  he  has  endeavoured  to  make  his  statements  clear  and 
precise,  without  being  formal  or  dogmatical;  and  definite  enough  to 
admit  of  practical  application,  without  appearing  to  be  unimprove- 
able  by  further  inquiry.  Physiology  is  essentially  a  science  of 
progress;  and  it  must  happen  that  much  of  what  is  now  regarded  as 
established  truth,  will  need  great  modification  to  be  brought  into 
accordance  with  the  results  of  new  inquiries.     It  is  very  desirable, 
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therefore,  that  the  Student  should  not  be  made  to  think  so  confidently 
of  his  acquirements,  as  to  be  indisposed  to  receive  new  information, 
even  though  it  should  tend  to  diminish  their  value.  There  are  several 
departments  of  the  science  which  are,  at  the  present  time,  in  what 
may  be  termed  a  transition-state.     Such  may  be  said  of  the  Physio- 
logy of  Nutrition,  which  is  fast  emerging  from  the  deepest  obscurity 
into  clearer  day;  and,  as  might  be  expected,  there  are  several  ques- 
tions which  can  scarcely  be  at  present  regarded  in  any  other  than  a 
very  doubtful  light.  The  Author  is  not  without  hope,  that,  in  several 
parts  of  his  Treatise,  suggestions  may  be  found,  that  will  lead  some 
of  his  Readers  to  original  researches  on  the  numerous  topics  to  which 
they  refer;  and  he  considers  that  ho  will  be  thus  doing  greater  service 
to  the  public,  than  if  he  were  himself  to  aim  at  embracing  the  whole 
range  of  inquiry  thus  indicated.    With  these  views,  he  has  not  hesi- 
tated to  express  uncertainty  where  he  has  himself  felt  it;  and  he 
trusts  that  what  he  has  thought  himself  justified  in  stating  with  more 
positiveness,  will  thus  be  entitled  to  greater  weight    On  one  point, 
— the  distinct  existence  of  the  grey  fibres  constituting  the  Organic 
system  of  Nerves,— he  deems  it  right  here  to  say,  that  the  text  (§111) 
expresses  a  greater  degree  of  certainty  than  it  would  be  probably 
right  to  assume,  on  a  question  at  present  so  controverted.    The  fact 
is,  that  there  is  so  strong  a  resemblance  between  these  fibres,  and 
those  of  ordinary  fibro-cellular  tissue,  that  it  is  not  easy  to  distinguish 
them;  and  there  are  many  able  Microscopists  who  affirm  that  they 
are  really  identical,  whilst  others  are  as  positive  of  their  distinctness. 
To  the  Author  himself,  it  appears  that  a  strong  argument  from 
analogy  may  be  drawn  in  favour  of  their  existence.    In  the  coats  of 
the  arteries  and  some  other  structures  immediately  connected  with 
the  Organic  Functions,  there  is  a  kind  of  substance  resembling  ordi- 
nary fibrous  tissue  in  appearance,  but  having  many  of  the  properties 
of  the  Muscular  fabric.     It  can  scarcely,  then,  be  deemed  improbable 
that,  in  the  parts  of  the  Nervous  system  which  are  specially  destined 
to  influence  the  Organic  processes  (if  such  there  be),  a  similar  de- 
parture from  its  regular  type,  and  an  approximation  towards  the 
ordinary  fibrous  texture,  should  manifest  itself. 

The  present  Treatise  is  to  be  regarded  as  complete  in  itself,  and 
as  quite  independent  of  the  Author's  <<  Principles  of  General  and 
Comparative  Physiology."  That  it  may  be  so,  he  has  inserted  an 
introductory  chapter  on  the  "Place  of  Man  in  the  Scale  of  Being," 
and  numerous  references  to  the  Comparative  Physiology  of  the  lower 
Animals.  Still  he  does  not  hesitate  to  express  the  opinion  that,  the 
greater  the  amount  of  the  Student's  previous  general  knowledge  of 
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the  Science,  the  better  will  he  be  prepared  to  enter  upon  any  depart- 
ment of  it,  especially  that  peculiarly  complex  and  difficult  branch, 
the  Physiology  of  Man.  On  every  topic,  it  has  been  the  Author's 
aim  CO  present  the  latest  and  most  satisfactory  information  within 
his  reach;  and  he  believes  that  the  Volume  contains  much  that  will 
be  new  to  the  Physiologist,  whose  reading  has  not  been  tolerably 
extensive.  Its  materials  have  been  but  little  derived  from  other 
Systematic  Treatises  on  the  subject;  and  it  will  not  be  found  to  bear, 
as  a  whole,  any  considerable  resemblance  to  those  already  before 
the  public.  The  Author  has  rather  endeavoured  to  bring  together 
the  valuable  facts  and  principles,  scattered  through  the  best  of  the 
numerous  Monographs,  that  have  been  recently  published  on  special 
divisions  of  Physiology  and  Medicine;  and  to  reduce  these  disjecta 
membra  to  that  systematic  form,  which  they  can  only  be  rightly 
made  to  assume,  when  brought  into  relation  with  each  other,  and 
shown  to  be  subservient  to  principles  of  still  higher  generality.  To 
the  following  Treatises  and  Memoirs  he  may  especially  refer,  as 
having  afforded  him  valuable  assistance,  and  as  likely  to  afford  im- 
portant aid  to  those  who  desire  further  information  on  their  respective 
subjects.  In  regard  to  a  large  proportion  of  them  he  may  remark, 
that  no  previous  work  on  Human  Physiology  has  included  their 
results. 

Nervous  System. 

Dr.  Marshall  Hall  on  the  Diseases  of  the  Nervous  System,  1841; 
Valentin,  de  Functionibus  Nervorum,  Berne,  1839;  Leuret,  sur 
I'Anatomie  Compar6e  du  Systeme  Nerveux,  1839;  Dr.  John  Reid, 
on  the  Functions  of  the  Eighth  Pair  of  Nerves,  in  the  Edinburgh 
Medical  and  Surgical  Journal,  Vols.  xlix.  and  li.;  Dr.  W.  Budd,  on 
the  Pathology  of  the  Spinal  Cord,  in  the  Medico-Chirurgical  Trans- 
actions, Vol.  XXII. 

Muscular  Fibre. 

Mr.  Bowman  on  the  Structure  of  the  Fibre  of  Voluntary  Muscle, 
Philosophical  Transactions,  1840;  Dr.  J.  Reid  on  Muscular  Con- 
tactility,  in  Transactions  of  British  Association,  Vol.  iv.,and  in  Edin- 
burgh Monthly  Journal  of  Medical  Science,  May,  1841. 

Organic  Functions. 
Dr.  Prout,  on  Stomach  and  Urinary  Diseases,  1840;  Gerber's 
General  Anatomy,  with  Additions  by  Mr.  Gulliver,  1841;  Dr.  Ma- 
cartney on  Inflammation,  1838;  Dr.  Barry  on  the  Blood-corpuscles, 
Philosophical  Transactions,  1840  and  1841;  Sir  A.  Cooper  on  the 
Breast,  1840;  Owen's  Odontography,  Part  I.  1840;  Nasmyth's  Three 
Memoirs,  1841;  Goodsir  on  the  Development  of  the  Teeth,  Edinb. 
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Med.  and  Surg.  Journ.  Vol.  li.;  Graham's  Elements  of  Chemistry, 
1841. 

Reproduction. 

Dr.  Barry's  Researches  on  Embryology,  Phil.  Trans.  1837-40; 
Dr.  Montgomery  on  the  signs  of  Pregnancy,  1837;  Quetelet,  sur 
PHomme,  ou  Essai  de  Physique  Sociale,  1835. 

The  Author  has  derived  much  of  his  information  on  the  Voice  and 
the  Organs  of  the  Senses,  from  the  "Elements"  of  Prof.  Miiller;  in 
which  these  subjects  are  treated  with  such  minuteness,  that  the  por- 
tion of  his  work  devoted  to  them  has  almost  the  character  of  a  Mono- 
graph, whilst  it  is  thus  rendered  unfit  for  the  purposes  of  the  ordinary 
student.  He  may  allude  in  a  similar  manner  to  the  Physiology  of 
Prof.  Wagner,  as  one  of  the  chief  sources  of  his  information  on 
Reproduction  and  Development;  and  to  it  he  would  refer  those  who 
desire  to  obtain  more  information  on  that  subject,  than  he  deemed 
it  consistent  with  the  practical  objects  of  this  Treatise  to  give. 

In  regard  to  this,  as  to  his  former  Treatise,  the  Author  believes 
that  he  may  claim  a  somewhat  higher  character  than  that  of  the 
mere  Compiler;  and  that  even  the  well-read  Physiologist  will  find 
in  it  many  facts  and  deductions,  which  have  not  been  previously 
brought  before  him  in  the  same  form.  He  may  especially  direct 
attention  to  the  views  he  has  expressed  in  regard  to  the  relations  of 
Instinct  and  Intelligence,  and  to  the  location  of  the  former  in  the 
Ganglia  of  Special  Sorption;  and  to  those  which  relate  to  the  re- 
spective functions  of  Fibrin,  Albumen,  and  Gelatin,  as  well  as  to 
other  subjects  treated  of  in  the  chapter  on  Nutrition. 

In  apportioning  the  amount  of  space  to  be  devoted  to  each  division 
of  the  subject,  the  Author  has  had  in  view  its  practical  relations 
much  more  than  its  merely  scientific  interest;  and  he  has  on  this 
account  bestowed  a  much  larger  share  on  the  Organs  of  Animal  life 
than  some  may  think  just,  when  compared  with  the  narrow  limits 
within  which  other  important  topics  are  discussed.  But  he  has 
endeavoured  to  keep  always  in  view,  that  he  is  writing  for  the  guid- 
ance of  the  Student  who  is  to  become  a  practitioner,  rather  than  for 
him  who  makes  the  pursuit  of  Science  his  professed  object;  and  that 
much  that  is  of  the  highest  interest  to  the  latter,  is  comparatively 
valueless  to  the  former.  Hence  many  topics  of  great  scientific  interest 
are  entirely  passed  over;  and  it  is  hoped  that  such  omissions  will  not 
bo  accounted  as  faults  in  the  estimation  of  those,  who  dread  lest  the 
attention  of  the  Student  should  be  too  much  drawn  off  by  the 
seducing  novelties  of  Science,  from  his  less  attractive,  but  more  im- 
portant objects. 


PREFACE.  Xi 

For  a  large  part  of  his  illustrations,  the  Author  is  indebted  to  the 
valuable  and  beautiful  Icones  Physiologicae  of  Prof.  Wagner.  The 
sources  of  all  are  indicated. 

In  conclusion,  the  Author  would  repeat  what  he  has  already  had 
occasion  to  state; — that  in  a  work  involving  many  details,  it  is  not 
to  be  expected  that  no  error  should  have  crept  in;  but  that  he  has 
endeavoured  to  secure  correctness,  by  relying  only  upon  such  authori- 
ties as  appeared  to  him  competent,  and  by  comparing  their  statements 
with  such  general  principles  as  he  considers  well  established.  For 
the  truth  of  those  principles,  he  holds  himself  responsible;  for  the 
correctness  of  the  details  he  must  appeal  to  those  from  whom  they 
are  derived,  and  to  whom  he  has  generally  referred.  He  hopes  that 
he  will  not  be  found  unwilling  to  modify  either,  when  they  have 
tieen  proved  to  be  erroneous;  nor  indisposed  to  profit  by  criticism, 
when  administered  in  a  friendly  spirit. 


PREFACE  OF  THE  AMERICAN  EDITOR. 


The  peculiar  character  of  Dr.  Carpenter's  "  Human  Physiology," 
particularly  adapts  it  to  the  wants  of  the  medical  student.  The 
close  connection  between  Physiology  and  the  practical  branches  of 
medicine,  has  been  throughout  the  work  carefully  borne  in  mind, 
and  their  intimate  relations  pointed  out.  The  present  Treatise  will 
be  found  to  be  a  concise,  yet  comprehensive  exposition  of  the  actual 
condition  of  physiological  science,  conceived  and  executed  in  a 
clear  and  philosophical  spirit.  With  much  that  is  profound  and 
original,  the  Author  has  presented  all  the  received  or  probable  facts 
of  the  Science  of  Life,  in  a  well  digested  and  lucid  manner,  deducing 
from  them  legitimate  inferences,  and  carefully  abstaining  from  the 
discussion  of  controverted  questions,  and  never  hazarding  any  start- 
ling hypothesis. 

In  the  present  edition  much  new  matter  has  been  introduced, 
with  a  number  of  additional  illustrations.  The  able  report  of  the 
Author  on  the  Physiology  of  Cells,  published  in  the  British  and 
Foreign  Medical  Review  for  January,  1843,  has,  at  his  request, 
been  incorporated.  The  daily  progress  of  physiology  required  that 
the  Editor  should  make  some  additions,  with  an  occasional  revision 
and  modification  of  the  text.  This  last  has  been  done  in  strict 
accordance  with  the  wishes  and  views  of  the  Author.  The  Editor 
has  been  largely  indebted  to  the  excellent  work  of  Dr.  Todd  and 
Mr.  Bowman,  recently  published;*  as  well  as  to  the  admirable 
Report  on  Microscopic  Anatomy,  by  Mr.  Paget.t 

The  new  matter  of  the  Author  is  distinguished  thus  [C.];  that  by 
the. Editor  thus  jM.  C.{. 

The  Editor  has  abstained  from  noticing  the  new  views  on  many 
subjects  connected  with  physiology,  lately  promulgated  by  Professor 
Liebig.  Regarding,  as  he  does,  the  labours  of  that  eminent  chemist 
so  far  as  rather  suggestive  than  positive,  he  did  not  deem  it  advisable 
to  introduce  into  a  work  of  this  kind  views,  which,  however  inge- 
nious, are,  at  best,  of  very  questionable  correctness. 

230  Spruce  Street,  August  10th,  1843. 

•  Physiological  Anatomy  and  Physiology  of  Man.  London,  1843. 
t  Report  on  the  chief  results  obtained  by  the  use  of  the  Microscope  in  the  study 
of  Human  Anatomy  and  Physiology.  London,  184*2. 
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EXPLANATION  OF  FRONTISPIECE. 


file  first  16  Figures  in  this  Plate  are  from  Dr.  Barry's  Embrjoloncal  Researches 
in  the  Philosophical  Transactions  for  1837,  1839,  and  1840.  The  lucceeding 
five  are  copies  of  ihe  figures  of  Wagner. 

I.  A  lerf  early  alage  of  the  fonnalioii  of  the  Owm;  vesicles,  the  latest  of  which 
measures  only  1-1 12aih  of  an  iikch,  are  seen  in  the  midst  of  dark  grannies  or 
globules  is  470). 

&  A  Blage  somewbat  more  advanced;  the  vesicles  are  anrToanded  by  envelopes  of 
tmaller  vesicles,  amongst  wbich  the  granules  are  still  seen  {%  740). 

3:  A  suU  later  stage;  a  central  vesicle  o  is  seen,  with  a.  spot  b  upon  its  walls,  and 
surrounded  with  numerous  granules;  this  has  now  evidently  become  the  ger- 
minal vesicle  (§  740]. 

4.  Ovisacs  from  Human  ovum,  l-SgOih  of  an  inch,  and  upwards,  in  diameter;  the 

largest  exhibits  the  germinal  vesicle  a  very  distinctly  (^  740). 

5.  Oviiiac  from  Cat,  showing  its  contents  when  near  maturity;  a,  ovisac;  h,  its  con- 

lained  granules;  c,  zona  pell ucida;  d,  granules  of  the  yelk;  t,  germinal  vesiclei 
f,  germinal  spot;  magnified  440  diameters  (§  739). 

6.  Ovum  of  Rabbit  at  the  periphery  of  the  Graalian  vesicle,  with  part  of  (he  mem- 

brana  granulosa  removed;  g,  g,  membrana  granulosa;  o  r,  ovultuu;  r,  relinacula 
(5^740,744). 

T.  Ovum  with  its  tunica  granulosa  and  relinacula  removed  from  the  Graafian  vesi- 
cle; a,  germinal  vesicle;  b,  germinal  spot;  c,  iiona  pellucida;  d,  globules  of  the 
yelk;r,r,  relinacula;  (^,  tunica  granuloma (^  740). 

i.  Graalian  ve.siele  discharging  its  ovum,  a  r,  to  which  the  tunica  granulosa,  tg,  and 

reiitiaciila,  r,  r,  remain  attached  (%  744). 
9.  Ovarium  Ovum  in  preparation  for  fecundation:  a,  germinal  spot,  beginning  to 
resulve  itself  into  celts  at  its  margin;  b,  germinal  vesicle;  c,  elliptical  cells  in 
the  place  of  the  yelk;  d,  zona  pellucida.     100  Diameterii  (^  746). 

ID.  Ovum  nearly  ready  for  fecundation:  a,  germinal  spot  more  fully  developed  into 
ceUs,  uf  which  concentric  layers  occupy  the  germinal  vesicle  b;  c,  elliptical 
discs  or  cells;  d,  zona  pellucida;  e,  substance  uf  the  yclkf^  745). 

M.  Fecundated  ovum  of  nine  hours;  the  germinal  vesicle,  having  returned  to  the 
centre  ol  the  ovum,  is  concealed  by  the  large  elliptical  discs,  which  fill  the 
cavity  uf  the  zona  pellucida(^^  74.'>,  746). 

13.  Plan  of  one  uf  these  discs  or  cells:  its  nucleus,  a,  has  developed  itself  into  con- 
centric rings  of  cells;  and  in  the  most  fully-deve toped  of  these,  the  nucleus,  b, 
IS  seen  to  be  commencing  Ihe  same  kind  of  evolution.  In  the  centre  nf  the 
original  nucleus,  a  pellucid  spot,  the  nucleolus  of  Schwann  and  Schleiden,  is 
obsen-cd(4745). 

\'i.  Uvum  frum  the  uterus,  measuring  about  l-68th  of  an  inch  in  diameter:  a,  pair  of 
cells  now  occupj-itig  Ihe  greater  pan  of  the  germinal  vesicle  h;  c,  xona  pellu- 
cida; d,  chorion,  a  new  envelope,  separated  from  the  last  by  the  Huid  it  has 
absorbed  (5  746). 

If.  Ovum,  of  which  the  essential  part,  a,  Ihe  pair  of  cells  occupying  the  germinal 
vesicle,  has  advanced  Airther  than  in  the  last  case;  the  other  contents  of  the 
germinal  vesicle  have  undergone  liquefaction.  The  chorion  is  here  incipient; 
and  the  remains  of  the  cells  of  which  it  is  composed  are  seen  at  cAo(^747). 

15.  More  advanced  ovum;  the  cavity  of  the  germinal  vesicle  filled  with  cells,  a,  that 
have  originated  in  Ihe  two  represented  in  the  last  figure;  these  cells  have 
nuclei,  b,  which  are  undergoing  a  corresponding  process  of  evolution  into 
seconduT  cells;  c  and  if  as  in  Fig.  13  (§  768]. 
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16.  Ovum  in  a  state  rather  more  advanced;  a,  central  cell  of  the  germinal  mass,  now 

come  to  the  surface,  and  showing  a  nncleos  b  with  a  pellucid  centre,  from 
which  most  of  the  embryonic  structures  are  developed;  e,  cavity  in  the  germinal 
mass,  caused  by  the  approach  of  its  peripheral  ceils  to  the  enclosing  mem- 
brane, d  (§  768). 

17.  Formation  of  the  membrana  decidua;  0,0^0^  villi  of  the  mucous  membrane  of  the 

uterus;  b,  substance  secreted  between  and  upon  these;  e,  uterine  vessels  pro- 
longed into  the  decidua  and  forming  loops. 

18.  Human  Spermatozoa;  a,  seminal  granules  (§  735). 

19.  Cyst  of  evolution  (§  736). 

20.  Capsular  bundle  of  spermatozoa,  just  previous  to  their  separation  (§  735). 

31.  Globules  from  the  chyle;  a,  ordinary  globules;  b,  a  globule  (C3rtoblast?)  surround- 

ing itself  with  an  envelope  (a  forming  cell?);  e,  minute  molecules  of  chyle; 
d,  chyle  or  Ijrmph  globule  (?)  from  the  blood  (§  563). 

32.  Particles  of  blood  undergoing  multiplication;  a,b,efd,e,  successive  stages.    After 

Barry  (§  576). 

23.  Extremity  of  one  of  the  tufts  of  foetal  vessels  forming  the  placenta;  this  includes 

(like  a  branchial  tuft)  an  artery  and  vein.    After  Reid  (§  749). 

24.  Plan  of  Uie  structure  of  the  placenta,  according  to  Dr.  J.  Reid's  view  of  it;  a,  a, 

portion  of  substance  of  uterus;  b,  b,  b,  b,  section  of  uterine  sinuses,  some  of 
them  opening  on  the  inner  surface  into  the  cavity  of  the  placenta;  e,  curling 
artery  of  uterus;  d,  d,  ramifications  of  foetal  vessels,  some  of  them  sendbig  down 
prolonged  tufts  which  dip  into  the  uterine  sinuses  (§  749). 
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INTRODUCTION. 


GENERAL  VIEW  OF  THE  CONNECTION  OF  PHYSIOLOGY  WITH  OTHER  BRANCHES 

OF  MEDICINE. 

1.  The  object  of  the  Science  of  Physiology  is  to  bring  together,  in  a 
systematic  form,  the  phenomena  which  normdly  present  themselves  during 
the  existence  of  living  beings;  and  to  classify  and  compare  these,  in  such  a 
manner  as  to  deduce  from  them  the  general  laws  or  principles  by  which 
they  are  regulated.  In  order  to  attain  a  correct  knowledge  of  the  latter,  a 
▼ery  extensive  comparison  of  this  kind  is  requisite.  Principles,  which 
might  seem  of  paramount  importance  in  regard  to  one  group  of  living 
beings,  are  often  found,  on  a  more  general  review,  to  be  quite  subordinate. 
For  example,  the  predominance  of  the  Nervous  System,  in  the  higher 
dasses  of  animals,  and  its  evidently  close  connection  with  many  of  the 
[mictions  of  life,  has  led  several  Physiologists  to  the  opinion,  that  its  influ- 
ence is  essential  to  the  performance  of  the  functions  of  Nutrition,  Secretion, 
kc,:  but,  on  turning  our  attention  to  the  vegetable  kingdom,  in  which  no- 
thing analogons  to  a  nervous  system  can  be  proved  to  exist,  we  find  these 
(mictions  going  on  with  even  greater  activity  than  in  animals.  It  is  clear, 
therefore,  that  they  may  be  performed  without  it;  and  on  a  closer  exami- 
nation of  the  phenomena  presented  by  animals,  it  is  seen  that  they  may 
be  explained  equally  well,  or  even  better,  on  the  principle  that  the  nervous 
system  has  a  powerful  influence  on  these  actions,  than  that  it  affords  a  con- 
dition essential  to  them.  This  is  only  one  out  of  many  instances  which 
it  would  be  easy  to  adduce,  in  proof  of  the  necessity  of  bringing  together 
all  the  phenomena  of  the  same  kind,  in  whatever  class  of  living  beings  they 
may  be  presented,  before  we  erect  any  general  principles  in  Physiology. 

2.  The  object  of  tlie  present  work,  however,  is  not  to  follow  out  such 
in  investigation,  but  to  show  the  detailed  application  of  the  principles  of 
which  physiological  science  may  now  be  said  to  consist,  to  the  phenomena 
exhibited  by  the  human  being,  during  what  may  be  called  his  normal  life. 
E?ery  one  knows  the  difliculty  of  defining  the  two  conditions — health  and 
diitoit.  The  former  may  be  said  to  be  that  state  in  which  the  various  ac- 
tions of  life  are  normally  or  regularly  performed;  and  the  latter  to  result 
from  a  disturbance  or  irregularity  in  these  actions,  constituting  an  abnormal 
«tate.  But  this  is  only  substituting  one  term  for  another; — the  difliculty 
remains  the  same.  Many  variations  occur,  within  the  limits  of  what  must 
be  called  in  some  persons  the  normal  state,  which  in  others  must  be  re- 
ruded  as  abnormal  actions.  Thus  in  most  adults  the  pulse  averages  about 
70;  but  it  is  easily  raised  by  exercise  to  90,  without  any  injurious  conse- 
quences; and  such  must  be  regarded  as  a  normal  or  physiological  state. 
Bat  we  occasionally  meet  with  instances  in  which  the  usual  pulse  is  not 
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the  average  rapidity.  Tims  an  abnormal  state  in  any  individual 
quenlly  be  ascertaineiJ  only  by  comparison  with  his  normal  condition.  This 
ia  a  difScully  from  which  we  can  never  hope  to  make  a  complete  escape; 
for  it  is  the  peculiar  charncier  of  living  beings  lo  exhibit  such  variniinns  in 
their  phenomena,  resulting  from  the  number  of  concurrent  causes  which 
are  involved  in  the  produclion  of  these;  a  slight  alteraiion  in  any  one  of 
which,  will  most  seriously  aifecl  the  general  result.  Upon  ihe  distinction 
between  normal  and  abnormal  life,  however,  is  founded  that  of  ibe  two 
sciences  Physiology  and  Pathology.  These  are  very  closely  related  lo 
each  other;  and  neither  can  be  pursued  with  the  prospect  of  complete  suc- 
cess, except  in  connection  with  the  other. 

3.  The  relation  between  the  sciences  of  Physiology  and  Pathology  on 
the  one  hand,  and  the  various  departments  of  the  ^rs  Medcnili  on  the  other, 
may  be  shown  within  a  brief  compass;  and  it  is  perhaps  desirnble  lo  point 
them  out  here,  in  order  to  place  the  importance  of  these  sciences  in  its  pro- 
per light.  Science  must  sirieily  be  said  lo  consist  of  general  principles, 
embodying  the  phenomena  which  present  themselves  to  the  observer,  in 
any  particular  department  of  observation;  and  a  science  ia  perfect,  in  so  far 
as  its  collection  of  facts  is  reducible  lo  these  general  laws,  the  ascertainment 
of  which  enables  us  lo  extend  our  knowledge  of  similar  fads.  An  an  is, 
properly  speaking,  ihe  application  of  a  science  to  praclical  purposes,  con- 
sisting of  a  set  of  rules  deduced  from  its  principles;  and  its  perfection  will 
be  exactly  proportional  to  that  of  the  science  upon  which  ii  rests.  The 
most  perfect  of  all  sciences  is  Astronomy;  all  its  leading  phenomena  may 
be  reduced  lo  one  general  principle;  and  phenomena,  previously  unobserved, 
have  been  predicted  as  the  necessary  resulia  of  that  principle.  The  art  of 
Navigation  is  a  collection  of  rules  framed  by  those  who  are  profoundly 
conversant  with  the  principles  of  the  science,  bui  capable  of  being  employed 
by  those,  whose  knowledge  extends  no  further  than  to  the  mode  of  applying 
Ihero.  When,  however,  the  science  has  not  this  degree  of  perfection,  the 
art  has  not  this  independent  character.  In  Chemistry,  for  example,  many 
principles  of  high  generality  have  been  altoined;  and  yet  unknown  pheno- 
mena cannot  be  predicted  from  them  with  cerlainty  (in  a  great  variety  of 
cases  at  leasi),  owing  to  ihe  number  of  other  conditions  by  which  ihey  may 
be  affected.  Hence  no  art  founded  upon  this  science  can  be  supplied  with 
any  other  than  very  limited  rules.  In  the  case  of  Dyeing,  for  example, 
great  improvement  has  been  eifecied  by  chemical  knowledge;  but  th« 
greater  part  of  its  rules  are  empirical,  thai  is  to  say,  founded  on  a  limited 
induction,  not  comprehended  in  more  general  principles,  and  therefore 
quite  uncertain  in  their  results.  Thus,  if  a  new  animal  or  vegetable  dye 
were  discovered,  the  modes  of  6xing  and  discharging  it.  and  of  varying  lU 
shades  of  colour,  would  have  lo  be  determined  by  experiment,  before  it 
could  be  brought  into  advantageous  employment.  We  can  neverlholess 
imagine,  and  (from  ibe  recent  great  advance  in  Organic  Chemistry)  in  same 
degree  anticipate,  the  period,  when  chemical  science  shall  bo  so  far  advanced, 
that  a  simple  analysis  of  the  material  (supplying  data  corresponding  (o  the 
solar  or  lunar  observations  of  llie  navigator)  may  enable  the  manufacturer, 
by  B  reference  lo  his  code  of  mles,  to  avail  himself  lo  the  fullest  oileni  of 
its  rnpabilities,  without  being  himself  aware  of  the  principles  upon  which 
those  rules  are  founded. 

4.  An  art,  then,  will  be  ic{enli_fic  or  empirical  (thai  is,  ila  rules  will  be 
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based  upon  general  principles,  or  upon  induction  from  a  limited  experience,) 
in  proportion  to  the  comprehensiveness  of  the  laws  that  have  been  attained 
in  the  science  on  which  it  rests.  This  distinction,  however,  has  nothing 
to  do  with  the  certainty  or  uncertainty  of  its  application  in  particular 
instances.  An  art  may  be  entirely  empirical,  and  yet  be  perfect  so  far  as 
it  goes;  but  no  unknown  cases  are  provided  for,  no  contingencies  foreseen. 
It  is  in  its  adaptation  to  these,  that  the  triumph  of  a  scientific  over  an 
empirical  art  manifests  itself;  and  in  proportion  as,  from  the  nature  of  the 
subjects  embraced  by  it,  a  greater  or  less  variety  of  novel  cases  presents 
itself,  in  that  proportion  is  its  superiority  more  evident.  It  was  well 
observed  by  Lord  Bacon,  that  "  it  is  the  office  and  excellence  of  all  sciences 
to  shorten  the  long  turnings  and  windings  of  experience.*'  The  deficiency 
of  higher  or  more  comprehensive  laws  should  not  prevent  us  from  making 
cautious  use  of  those  we  already  possess;  and,  where  the  demands  of  man- 
kind require  that  an  art  should  be  practised  even  in  its  imperfect  condition, 
we  must  be  content  with  such  means  of  satisfying  them,  as  lie  within  our 
reach.  Contentment,  however,  by  no  means  involves  a  tacit  acquiescence 
in  the  infirmities  of  pur  condition;  and  the  man  of  noble  and  elevated  mind 
will  not  only  aim  at  the  perfection  of  his  science,  from  that  abstract  love  of 
knowledge,  which  is,  as  Sir  H.  Davy  has  beautifully  remarked,  **  in  its 
ultimate  and  perfect  development,  the  love  of  infinite  wisdom  and  unbounded 
power,  or  the  love  of  God,"  but  may  also  safely  cherish  the  belief,  that 
every  contribution  which  he  makes  to  general  laws  will  ultimately  have  its 
practical  bearing  on  the  condition  of  humanity. 

5.  In  no  department  of  inquiry  is  it  more  necessary  to  keep  these  prin- 
ciples in  view,  than  in  that  which  relates  to  the  phenomena  of  Vitality. 
The  changes  which  characterize  living  beings,  and  which  in  their  totality 
constitute  the  Life  of  these,  are  as  capable  as  phenomena  of  any  other  kind, 
of  being  referred  to  general  laws  expressive  of  their  uniform  conditions. 
But  there  are  many  causes  which  render  the  attainment  of  these  laws  so 
difficult,  that  at  present  we  cannot  assign  to  Biology  (a  term  which  may  be 
advantageously  employed  for  the  science  of  Vital  Action,  including  Phy- 
siology and  Pathology)  a  high  rank  amongst  the  sciences.  Hence  the 
roles  of  any  arts  which  are  founded  upon  it,  can  be  only  in  part  regarded  as 
possessing  that  certainty,  which  it  is  desirable  they  sliould  have.  Some 
tliere  arc,  which  are  derived  from  laws  of  such  high  generality,  that  we  can- 
not imagine  any  cause  which  can  interfere  with  their  application.  For 
example,  it  is  one  of  these  facts  of  universal  application,  that  a  large  mix- 
ture of  carbonic  acid  in  the  medium  to  which  the  circulating  fluid  is  exposed 
for  aeration,  is  prejudicial  to  life;  and  an  obvious  rule  thence  follows.  But 
it  is  not  a  fact  of  equal  universality,  that  a  dose  of  a  purgative  medicine 
will  induce  increased  action  of  the  bowels;  for  there  may  be  many  condi- 
tions of  the  system  in  which  this  shall  not  occur.  The  physician,  in  directing 
the  ventilation  of  a  room,  would  be  guided  by  a  high  scientific  principle; 
whilst  in  administering  a  medicine,  he  is  working  upon  an  induction  derived 
from  a  comparatively  limited  experience. 

6.  The  art  which  most  directly  springs  out  of  the  science  of  Physiology, 
is  that  of  Hygiene,  which  may  be  defined  as  a  system  of  rules  for  the  pre- 
servation of  the  body  in  health,  deduced  from  the  principles  by  which  its 
actions  are  governed.  Were  the  science  of  Physiology  perfect,  the  art 
would  require  little  skill  for  its  practice;  this,  however,  is  far  from  being 
the  case.  Its  rules  are  at  present  founded,  in  great  part,  upon  too  limited 
an  induction  to  deserve  the  title  of  universal;  and  their  operation  is  fre- 
quently interfered  with  by  a  number  of  causes,  of  whose  mode  of  action  we 
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are  almost  entirely  ignorant.  Still  much  has  been  done,  by  calling  public 
attention  to  those  of  which  the  general  importance  is  acknowledged,  in  pre- 
serving the  body  in  health  by  removing  the  causes  of  disease;  as  the  increased 
value  of  human  life,  shown  by  statistical  returns,  abundantly  testifies.  And 
the  physiologist  can  readily  point  out  many  more,  which  have  not  yet 
received  the  attention  that  their  importance  deserves.  The  term  Hygiene 
is  sometimes  used  to  include  the  art  of  restoring  as  well  as  preserving  health, 
by  the  use  of  means  not  strictly  to  be  regarded  as  medical,  e.  g,  the  regula- 
tion of  diet,  temperature,  ^.;  but  this  employment  of  it  is  not  strictly 
correct,  such  treatment  being  properly  a  part  of  Therapeutics, — an  art  which 
stands  in  the  same  relation  to  Hygiene,  tliat  Pathology  bears  to  Physiology. 
In  proportion  as  the  science  of  Physiology  is  perfected,  will  the  simplicity 
and  certainty  of  its  practical  applications  increase;  and  though  we  may  not 
anticipate  a  return  of  patriarchal  longevity,  yet  the  experience  of  the  last 
century  has  amply  shown,  that  every  general  increase  of  attention  to  its 
simple  and  universally  acknowledged  truths,  is  attended  with  a  prolongation 
of  life,  and  that  not  less  important  object — its  emancipation  from  disease. 
Hence  the  establishment  of  the  rules  of  Hygiene  may  he  considered  as  the 
roost  direct  practical  benefit  afforded  by  the  pursuit  of  physiological  science. 
7.  In  the  assistance  which  it  affords,  however,  in  the  establishment  of 
the  principles  of  Pathology,  the  importance  of  Physiology  is  by  no  means 
inferior;  and  it  is  surprising  how  much  the  relation  of  the  two  has  been 
neglected.  That  the  knowledge  of  the  normal  actions  of  a  living  system 
is  essential  to  success,  in  the  investigation  of  the  causes  and  mode  of  cure 
of  its  irregularities, — seems  almost  a  self-evident  proposition.  We  should 
all  think  it  absurd  for  a  person  to  attempt  to  repair  a  watch  or  a  steam- 
engine  that  might  be  acting  wrongly,  who  is  unacquainted  with  the  uses 
of  the  several  parts  of  its  structure,  both  singly  and  in  combination  with 
each  other.  He  might  have  such  an  acquaintance  with  their  form  and 
mechanical  arrangement,  as  might  enable  him  to  delineate  them,  or  even  to 
construct  the  counterpart  of  the  whole  machine,  without  being  able  to  put 
it  into  successful  operation.  Just  so  it  is  with  the  anatomist,  who  regards 
the  mere  acquaintance  with  the  structure  of  the  human  body  as  a  sufficient 
guide  in  the  treatment  of  disease.  But  this  is  really  of  little  assistance  in 
any  thing  but  surgical  operations;  that  which  we  require  to  know,  for  the 
rectification  of  morbid  phenomena,  being  the  normal  history  of  those  phe- 
nomena, and  the  conditions  on  which  they  are  dependent.  The  neglect  of 
physiological  science  as  an  adjunct  to  the  ars  medendi^  may  probably  be 
in  part  attributed  to  the  facility  with  which  striking  curative  effects  may 
often  be  produced,  by  the  application  of  empirical  rules  only.  Thus  a 
person  usually  healthy,  who  is  suffering  from  headache,  feverishness,  and 
constipation, — the  effects  of  an  overloaded  alimentary  canal, — may  be 
pretty  certainly  relieved  by  a  brisk  purge;  or  a  stout  child,  who  is  suffering 
from  cough,  tightness  of  the  chest,  and  heat  and  dryness  of  skin,  resulting 
from  recent  exposure  to  cold  and  damp,  by  a  strong  dose  of  an  antimonial. 
These  are  results  with  which  every  tyro  is  well  acquainted;  they  are  based 
upon  ordinary  experience,  and,  if  applied  without  further  consideration  of 
their  rationale,  are  strictly  empirical.  The  case  might  be  compared  to 
that,  in  which  a  person  unacquainted  with  the  construction  or  principles 
of  action  of  a  watch  or  a  steam-engine,  alters  its  rate  of  movement,  by 
shifting  a  lever  or  opening  a  cock.  But,  though  usually  successful,  excep- 
tional cases  will  occur,  in  which  unexpected  results  will  follow;  and  the 
merely  empirical  practitioner  is  baflled  and  confounded.  For  these,  some- 
thing more  is  requisite;  and  no  treatment  can  be  successful,  otherwise  than 
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by  an  accidental  coincidence,  in  which  the  causes  of  the  derangement  arc 
not  carefully  inquired  into,  and  their  operation  understood.  And  how  can 
their  operation,  in  producing  a  disturbance  of  the  system,  be  compre- 
hended, when  its  regular  actions  are  not  even  known, — far  less,  tlieir  prin- 
ciples ascertained? 

8.  The  study  of  Physiology,  being  the  inquiry  into  the  phenomena  of 
normal  life  and  the  conditions  of  those  phenomena,  requires  a  knowledge 
of  the  two  sets  of  causes  which  must  be  concerned  in  them, — the  organized 
ttructare  or  mechanism,  possessed  of  certain  properties, — ^and  the  agents 
or  stimuli,  by  whose  operation  on  this  mechanism  its  properties  are  made 
to  develope  themselves  in  the  production  of  phenomena.     These  require 
to  be  separately  considered;  just  in  the  same  manner  as  when,  in  examining 
the  action  of  a  steam-engine,  we  inquire  into  its  mechanical  structure,  and 
the  effects  upon  it  of  the  agencies  by  which  it  is  put  in  operation.     Now 
in  the  study  of  Pathology,  or  the  science  of  diseased  action,  we  have  to 
attend,  in  the  same  manner,  to  two  sets  of  conditions.     On  the  one  hand, 
we  have  to  make  ourselves  acquainted  with  the  characters  of  all  the  ex- 
ternal agents,  which  can  produce  a  deleterious  effect  upon  the  living  body, 
whether  their  operation  be  mechanical,  chemical,  or  more  directly  vital;  as 
well  as  with  the  results  of  the  suspension,  partial  or  complete,  of  the  con- 
ditions by  which  its  healthy  action  is  maintained.     On  the  other  side,  wc 
bare  to  investigate  the  changes  of  structure  which  manifest  themselves  in 
the  body  itself,  the  causes  by  which  these  are  produced,  and  the  new  re- 
toits  which  they  will  themselves  occasion.     Now  one  of  the  chief  difficul- 
ties in  the  pursuit  of  pathological  science  results  from  this,— that  we  are 
at  present  so  imperfectly  acquainted  with  the  conditions  required  for  normal 
letion*  that  we  cannot  ascertain  what  those  are  in  which  the  derangement 
primarily  consists.     Hence  we  are  in  constant  danger  of  mistaking  the 
more  evident  changes,  which  are  often  but  secondary  results  of  the  morbid 
action,  for  the  real  source  of  the  disease.     For  example,  we  are  not  yet 
safficiently  acquainted  with  the  conditions  necessary  for  the  transmission 
of  nervous  influence,  to  be  able  to  state  when  those  conditions  are  inter- 
fered with;  hence  a  great  extent  of  morbid  alteration  not  unfrequently  pre- 
sents itself,  in  the  parts  which  we  know  to  be  concerned  in  this  operation, 
without  such  symptoms  as  we  should  expect  to  correspond  with  it;  and,  on 
the  other  hand,  we  frequently  observe  during  life  most  decided  deviations 
from  the  ordinary  sequence  of  nervous  phenomena,  which  we  cannot  attri- 
bute to  any  change  of  structure  that  we  can  discover  after  death.     Here, 
then,  is  a  case  in  which  Pathology  must  necessarily  be  imperfect,  until 
Physiology  has  greatly  advanced;  and  numbers  of  similar  instances  might 
be  pointed  out.     Again,  it  would  be  easy  to  show  the  direct  benefit  which 
the  physician  has  derived  from  the  physiologist,  by  reference  to  the  same 
class  of  phenomena;  but  for  this  we  may  refer  to  the  subsequent  part  of 
this  treatise,  in  which  the  chief  practical  applications  of  late  discoveries 
as  to  the  functions  of  the  Nervous  System,  will  be  set  forth.     It  will  be 
scarcely  questioned,  then,  that  the  science  of  Pathology  has  so  direct  and 
immediate  a  dependence  upon  that  of  Physiology,  that  the  former  cainiot 
be  pursued  with  a  fair  prospect  of  success,  without  a  knowledge  both  of 
the  principles  and  of  the  chief  phenomena  of  the  latter. 

9.  Another  illustration  may  be  useful.  Few  pathologists  regard  any 
morbid  process  as  better  understood  than  that  of  Inflammation;  and  yet 
Karcely  any  two  are  agreed  as  to  its  real  nature.  By  some  its  essential 
condition  is  stated  to  be  a  contraction  or  a  dilatation  of  the  capillary  vessels; 
and  this  alteration  is  supposed  by  one  to  result  from  an  exalted — and  by 
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another  from  a  diminished — degree  of  yitality  in  their  walls.  Others,  again* 
regarding  inflammation  as  an  affection  of  the  sensory  rather  than  of  the 
organic  functions,  have  imagined  its  seat  to  be  in  the  nervous  system.  Now 
it  may  be  stated  with  tolerable  confidence,  that  no  theoretical  view  of  the 
nature  of  inflammation  has  exerted  any  beneficial  influence  on  its  treatment; 
and  that  ail  the  rules  of  practice  to  which  we  trust  for  the  cure,  are  founded 
on  experience  alone.  It  is  therefore  evident,  that  there  must  be  something 
very  faulty  in  the  mode  of  cultivation,  since  the  fruits  yielded  by  a  domain 
so  fertile  of  phenomena  are  thus  useless;  and  the  physiologist  has  not  much 
diflTicuUy  in  pointing  out  several  sources  of  error,  that  have  resulted  from 
the  insufllirient  acquaintance  possessed  by  most  pathologists,  with  those 
normal  actions  of  which  inflammation  is  a  disturbed  form.  Thus,  he  can 
show  that  inflammation  is  not  primarily  a  disorder  of  the  function  of  circu- 
lation, but  rather  of  nutrition,  the  vascular  apparatus  being  only  secondarily 
aflected;  so  that  no  observations  on  the  state  of  the  vessels,  and  on  the  move- 
ment of  the  blood  through  them,  give  us  any  real  information  as  to  the 
nature  of  the  morbid  action.  Further,  he  is  aware  that  no  inferences  can 
be  valid,  that  are  founded  on  experiments  made  on  the  cold-blooded  verte- 
brata,  since  in  them  the  true  inflammatory  state  can  with  difficulty  be 
induced;  and  also,  that  the  nervous  system  cannot  be  an  element  in  the 
primary  phenomena  of  inflammation,  since  these  are  manifested  by  beings 
that  do  not  possess  it.  It  will  hereafter  be  pointed  out,  that,  by  attention  to 
the  principles  of  Physiology,  our  knowledge  of  the  real  character  of  this  and 
of  many  other  morbid  processes,  is  now  being  rapidly  increased;  and  that 
it  is  at  the  same  time  acquiring  a  degree  of  definiteness,  which  cannot  but 
lead  to  important  improvements  in  practice. 

10.  As  Hygiene,  or  the  art  of  preserving  health,  arises  out  of  the  science 
of  Physiology,  so  does  the  Therapeutic  art  depend  upon  the  science  of 
Pathology;  or,  to  use  language  rendered  venerable  by  its  antiquity,  the  art 
medendi,  to  be  perfect,  must  be  guided  by  the  ratio  medendL  The  term 
Therapeutics,  however,  is  sometimes  used  to  denote  that  division  of  the 
science  of  Pathology,  which  concerns  the  principles  of  the  application  of 
curative  agents  to  the  treatment  of  disease.  There  is  no  real  ground,  how* 
ever,  for  distinguishing  this  as  any  other  than  a  section  of  Pathology;  or 
for  considering  the  practical  use  of  these  principles  as  any  thin?  but  an  art. 
As  life,  in  the  healthy  condition,  is  known  to  be  maintained  by  the  operation 
of  externa]  agents  upon  organized  tissues  endowed  with  vital  properties,-^ 
so  is  it  found  that,  in  diseased  states  of  the  system,  such  a  change  takes 
pLico  in  the  character  of  these  actions,  as  adapts  them  to  its  altered  circum- 
stances; thus,  in  a  febrile  condition,  when  any  increase  of  stimulus  would 
bo  injurious,  there  is  no  longer  an  appetite  for  food.  Moreover,  it  is  found 
that  by  the  regulation  of  the  natural  actions,  or  the  substitution  of  new  ones, 
the  diseased  condition  may  frequently  be  controlled,  and  the  normal  action 
restored.  Hence  the  inquiry  into  the  curative  influence  of  external  agents 
upon  the  phenomena  of  disease,  is  as  much  a  part  of  the  science  of  Pa- 
thology, as  the  study  of  the  influence  of  the  ordinary  vital  stimuli,  in 
producing  the  normal  actions  of  the  system,  is  a  division  (as  it  is  universally 
allowed  to  be)  of  the  science  of  Physiology.  If  this  inquiry  had  terminated 
in  Uie  discovery  of  general  principles,  all  diflliculty  would  be  removed  from 
the  therapeutic  art,  as  soon  as  the  pcrplqxities  of  diagnosis  had  been  over- 
come; and,  in  proportion  as  such  are  approached,  and  our  knowledge  of  the 
essential  nature  of  diseased  actions  is  extended,  will  be  the  facility  and  the 
success  of  our  curative  treatment. 

11.  In  the  mean  time  the  practitioner  must  be  content  to  follow  a  middle 
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course.  His  aim  must  be  to  avoid,  on  the  one  hand,  confiding  too  exclu- 
sively in  general  principles,  however  stable  and  comprehensive  he  may 
imagine  them  to  be;  until  he  is  satisfied  that  he  knows  not  only  the  principle 
itself,  but  the  subordinate  laws  which  regulate  or  modify  its  application  to 
individual  cases.  Long  after  the  highest  laws  of  motion  had  been  estab- 
lished by  Newton,  no  astronomer  could,  on  the  faith  of  them,  have  predicted 
the  situation  of  a  planet  with  more  than  an  approximation  to  certainty;  the 
law  of  attraction  had  to  be  applied  in  numberless  modes  not  contemplated 
by  its  discoverer,  before  perfect  accuracy  could  be  attained.  There  is  great 
^ger,  then,  in  the  present  state  of  the  science  of  Pathology,  in  trusting  to 
principles  which  we  may  consider  unassailable,  as  our  sole  guides  in  the 
practice  of  our  art;  and  hence  it  is  not  always  the  scientific  practitioner,  as 
he  is  emphatically  termed,  who  is  the  most  successful  in  his  treatment.  On 
the  other  hand,  to  apply  a  particular  mode  of  treatment  to  a  particular  set  of 
vymptoms,  without  inquiring  into  the  cause  of  those  symptoms,  merely  on 
aecount  of  its  having  been  successful  in  some  case  that  appeared  analogous, 
is  a  mode  of  practice  completely  empirical.  Yet  such  a  plan  is  constantly 
being  pursued.  But  as  soon  as  we  begin  to  inquire  into  the  cause  of  the 
morbid  action,  and  seek  to  remove  or  counteract  this  by  the  application  of 
remedial  means  which  experience  has  shown  to  be  effectual  for  such  an 
object,  we  are  really  acting  to  a  certain  extent  on  scientific  principles.  The 
recorded  experience  of  ages,  in  its  condensed  form,  must  of  necessity  assume 
the  appearance  of  general  rules  of  practice;  and  it  is  in  the  application  of 
these  rules  to  individual  cases,  and  in  the  distinction  of  thosQ  phenomena 
whose  causes  are  subservient  to  them,  from  those  which  are  beyond  their 
pale  and  which  require  a  mode  of  treatment  altogether  different,  that  the 
sagacity  of  the  practitioner  most  displays  itself.  The  rational  empiricism 
which  prevails  in  this  country  at  the  present  day,  is  a  mode  of  practice  that 
mav  be  regarded  as  best  combming  the  advantages  of  scientific  knowledge 
ind  of  recorded  experience.  The  value  of  facts  as  the  only  sure  basis  of 
general  principles  is  duly  appreciated;  and  yet  there  is  no  indisposition  to 
make  trial  of  such  principles  when  announced,  and  to  abide  by  them  so  far 
as  they  appear  practically  available.  This  is  the  only  method  in  which  the 
young  practitioner  can  hope  to  succeed.  The  increased  attention  at  present 
paid  to  diagnosis,  will  frequently  enable  him  to  determine  the  real  nature  of 
the  malady,  with  much  more  precision  than  can  be  done  by  a  man  of  age 
and  experience,  who  has  not  kept  pace  with  the  progress  of  medical  science; 
whilst  the  latter  will  have  decidedly  the  advantage  in  the  application  of 
therapeutic  means,  especially  in  those  obscure  cases  which  require  the  tact, 
that  can  only  be  acquired  by  long  and  attentive  observation. 

12.  The  numerical  method,  which  is  at  present  much  valued  by  many 
as  a  g^ide  in  the  Study  and  Practice  of  Medicine,  is  simply  a  statistical 
arrangement  of  the  phenomena  presented  by  various  diseases,  with  a  view 
of  determining  the  frequency  of  their  occurrence,  their  connections  with 
each  other,  and  the  influence  of  various  modes  of  treatment  upon  them. 
Its  advantages  in  substituting  an  accurate  and  definite  record  of  facts,  for 
the  vague  statements  which  we  so  frequently  meet  with,  are  unquestion- 
able. Yet  we  must  be  careful  not  to  attach  too  much  importance  to  the 
results  afforded  by  it.  They  have  a  tendency  to  lead  to  the  substitution 
of  empirical  rules  for  scientific  principles;  and  if  too  exclusively  followed, 
therefore,  will  tend  to  the  retardation  of  Pathology.  If  the  practitioner  is 
led  to  reason  thus  on  every  particular  instance, — •*  In  nine-tenths  of  the 
cases  exhibiting  these  symptoms,  such-and-such  a  treatment  is  successful; 
therefore  I  shdl  adopt  this  treatment  in  the  present  one," — he  is  acting 
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on  a  most  grossly  empirical  system.  .  A  general  law  admits  of  no  excep- 
tions; and  if  such  appear  to  present  themselves,  they  must  be  due  to  some 
cause  interfering  with  its  operation.  His  object  ought  to  be  rather,  there- 
fore, to  ascertain  what  plan  of  treatment  is  constantly  successful  in  each 
form  of  disease;  in  other  words,  to  determine  that  invariable  sequence  of 
cause  and  effect,  on  which  alone  general  principles  or  laws  can  be  erected; 
and  in  order  to  do  this,  he  must  carefully  analyze  the  unsuccessful  cases, 
and  ascertain  in  what  their  conditions  differed  from  the  rest,  so  as  to  be 
able  to  determine  positively  to  which  head  he  is  to  refer  the  case  before 
him,  and  to  be  guided  in  his  treatment  accordingly.  In  this  manner  he 
will  advance  the  Science;  whilst  in  the  other  he  is  reducing  the  Art  to  its 
lowest  condition.* 

*  For  a  lucid  analysis  of  the  value  of  the  numerical  method.  Dr.  Symond's  Retro- 
spective Address  (at  the  Liverpool  Meeting  of  the  Provincial  Medical  As:iOciation) 
may  be  advantageously  consulted. 
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CHAPTER   I. 


ON  THE  PLACE  OF   MAN  IN  THE   SCALE   OF   BEING. 


Distinction  between  Animals  and  Plants. 

13.  In  entering;  upon  the  survey  of  the  Animal  Kingdom  in  general, 
which  it  is  desirable  to  take,  before  we  consider  in  detail  any  particular 
member  of  it,  the  question  naturally  arises, — how  is  the  Animal  distin- 
guished from  the  Vegetable?  There  is  no  difficulty  in  replying  to  this, 
if  we  keep  in  view  merely  the  higher  tribes  of  each  division;  no  one,  for 
example,  would  be  in  any  danger  of  confounding  a  Whale  with  a  Palm,  or 
an  Elephant  with  an  Oak.  It  is  when  we  descend  to  the  opposite  extre- 
mity of  the  scale,  that  we  encounter  the  greatest  difficulty;  from  the  circum- 
stance, that  the  distinguishing  characters  of  each  kingdom  disappear,  one 
after  another,  until  we  are  reduced  to  those  which  seem  common  to  both. 
So  completely  is  this  the  case,  that  there  are  many  tribes  which  cannot, 
in  the  present  state  of  our  knowledge,  be  referred  with  certainty  to  either 
one  division  or  the  other.  We  are  accustomed  to  think  of  Animals  as 
beings,  which  not  only  grow  and  reproduce  themselves,  but  also  possess 
the  power  of  spontaneously  moving  from  place  to  place,  and  are  conscious 
of  impressions  made  upon  them:  and  we  usually  regard  Plants  as  beings 
which  are  entirely  destitute  of  sensibility  and  of  the  power  of  spontaneous 
motion, — going  through  all  their  processes  of  growth,  reproduction,  and 
decay,  alike  unconscious  of  pleasure  and  of  pain,  and  devoid  of  all  power 
of  voluntarily  changing  their  condition.  Such  a  definition  is  probably  the 
most  correct  that  we  can  employ;  but  great  difficulties  lie  in  the  way  of 
its  application.  There  are  many  tribes,  which  possess  a  general  structure 
more  allied  to  that  of  beings  known  to  be  Animals,  than  to  that  of  any 
Plants;  and  which  yet  present  no  decided  indications  either  of  sensibility 
or  of  voluntary  power.  Such  is  the  Sponge,  the  fabric  of  which  closely 
corresponds  with  that  of  many  Alcyonian  Polypes,  whose  animality  is 
undoubted;  and  yet  neither  observation  nor  experiment  have  ever  succeeded 
in  proving,  that  the  sponge  feels  or  spontaneously  moves.  Yet  there  are 
no  known  vegetables  to  which  it  presents  any  near  resemblance.  On  the 
other  hand,  there  are  many  vegetables  which  perform  evident  movements, 
which,  at  first  sight,  appear  to  be  spontaneous,  indicating  sensibility  on  the 
part  of  the  being  that  performs  them.  Such  movements,  however,  can  in 
some  instances  (as  in  that  of  the  Sensitive-Plant  or  Venus's  Fly-trap)  be 
referred  to  a  sort  of  mechanism,  the  action  of  which  does  not  involve  sensi- 
bility, and  which  may  be  compared  with  the  many  movements  (such  as 
that  of  the  heart)  that  are  constantly  taking  place  in  the  bodies  of  the  highest 
animals,  without  their  consciousness;  and  in  other  cases  (as  in  the  Os- 
dUatorise)  they  are  so  rhythmical,  as  to  impress  the  observer  with  the 
idea,  that  they  are  rather  the  result  of  some  physical,  than  of  any  mental 
influence.  In  this  respect  they  correspond  with  the  motions  of  the  con- 
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IS  membn^^H 


Blanlly  vibrating  cilia,  which  cover  the  surface  of  the  mucous  n 
of  animals. 

14.  However  ilillicult  il  may  be  for  us,  owing  lo  our  imperfect  know- 
ledge, to  draw  the  line  in  individual  cases,  il  cannot  be  doubted  thai  a 
boundary  does  exist;  and  in  g-eneral  a  very  simple  mark  will  suffice  to 
establish  the  dislinciion.  This  mark  is  the  presence  or  absence  of  a  Btomach 
or  internal  cavity  for  the  reception  of  food.  The  possession  of  a  stomach 
cannot  be  regarded,  however,  as  in  itself  an  essential  dislinciion  between 
the  two  kingdoms  fas  some  have  represented  ii);  for  its  presence  is  merely 
a  result,  so  to  speak,  of  the  nature  of  the  food  of  animals,  and  of  the  mode 
in  which  il  is  obtained.  Vegetables  are  dependent  for  their  support,  upon 
those  materials  only  which  they  obtain  from  the  surrounding  elemenis;  car- 
bonic acid,  water,  and  ammonia,  duly  supplied  to  them,  with  a  small  quan- 
tity of  certain  mineral  ingredients,  afford  all  the  conditions  ihey  retiuire  for 
the  production  of  the  most  massive  fabrics,  and  the  greatest  variety  of 
■ecreiions.  But  these  same  elements,  if  supplied  to  animals,  could  nni  be 
converted  by  them  into  the  materials  of  organized  slruclures;  for  Ihey  can 
only  employ  as  food  subslances  which  have  been  already  organizei^  and 
are  consequently  dependent,  either  directly  or  indirectly,  upon  the  Vegetable 
kingdom,  for  their  means  of  support.  Now  they  cannot  incorporate  these 
alimentary  substsnces  into  their  own  lissues,  until  they  have  been  reduced 
lo  (he  fluid  form;  hence  they  need  ihe  means  of  performing  this  reduction, 
which  are  supplied  by  the  stomach.  Again,  they  cannot  be  always  in 
immediate  relation  with  their  foodi  they  have  to  go  in  search  of  ii,  and  need 
a  store-room  in  which  ii  may  be  deposited  during  the  intervals;  this  purpose 
also  is  supplied  by  the  stomach.  It  is  evident,  moreover,  that  the  powers 
of  voluntary  locomotion  and  sensation,  which  animals  enjoy,  are  connected 
with  the  peculiar  nature  of  the  Tood  they  require;  for  if  ihey  were  fixed  in 
the  ground,  like  plants,  ihey  would  not  be  able  to  obtain  that  which  ihey 
require  for  their  support.  It  is  true  (hat  there  are  some  which  seem  almost 
rooted  to  one  spot;  but  these  have  the  power  of  bringing  their  food  within 
their  reach,  even  though  ihey  cannot  go  in  search  of  il.  This  is  the  case 
with  many  Polypes,  which  use  their  oulspreatl  (enlacula  for  thii  purpose; 
and  with  the  lower  Mollusca,  which  can  create  currents  by  means  of  ciliary 
action. 

16.  A  distinction  might  probably  be  erec(ed  between  the  Animal  and 
Vegetable  kingdoms,  upon  the  mode  in  which  the  firsl  development  of  the 
germ  lakes  place.  The  seed  ofthe  plant,  at  the  lime  of  fertilisation,  prin- 
cip^ly  consists  of  a  store  of  nourishment  prepared  by  the  parent  for  the 
supply  of  the  germ,  which  is  introduced  into  the  midst  of  it.  The  same 
may  be  said  of  the  egg  of  the  animal.  In  both  instances,  ihe  first  develop- 
ment of  (he  germ  is  into  a  membranous  expansion,  which  absorbs  the 
alimentary  maierials  with  which  it  is  in  contact,  and  prepares  them  by 
assimilation  for  the  nourishment  of  the  embryonic  slrociure,  the  mosl  impor- 
tant parU  (in  the  higher  classes  of  animals,  and  in  Phanerogamic  plants, 
the  only  permanenl  parts)  of  which  are  in  its  centre.  Now  in  plants,  thit 
membranous  expansion  hhe  single  or  double  cotyledon)  absorbs  by  ils  out«i 
surface,  which  is  applied  to  the  albumen  of  the  seed,  and  takes  it  more  Ot 
less  completely  into  ils  own  suhsiance.  In  animals,  this  expansion  it 
developed  in  such  a  manner,  thai  it  surrounds  (he  albumen,  enclosing  i(  lit 
B  IBC,  the  inner  surface  only  of  which  is  concerned  in  ubsorption.  Thia 
sac  is,  then,  Ihe  temporary  glomacli  ofthe  embryonic  sirncinre:  il  becomes 
the  permanent  stomach  of  the  Radtatn;  but  in  ihe  liighur  clnsscs  only  a 
portion  of  il  is  retained  in  the  fabric  of  the  adult, — ihe  remnindcr  being  cast 
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oflff  like  the  cotyledon  of  Plants,  as  /ioon  as  it  has  performed  its  function. 
Thus,  then,  the  first  niatu  of  animal  development  is  towards  the  formation 
of  a  stomach,  for  the  internal  reception  and  digestion  of  food;  whilst  the  first 
processes  of  vegetable  evolution  tend  to  the  production  of  a  frond-like  mem- 
brane, which,  like  the  permanent  frond  of  the  lower  classes  of  Plants, 
absorbs  nourishment  by  its  expanded  surface  only. 

16.  Some  physiologists  have  asserted,  that  the  nature  of  the  respiratory 
process  affords  a  ground  of  distinction  between  Animals  and  Plants,-* 
oxygen  being  absorbed,  and  carbonic  acid  evolved,  by  the  former, — and  a 
converse  change  being  effected  in  the  surrounding  air  by  the  latter.  It  is 
not  correct,  however,  to  designate  this  converse  change  as  a  consequence  of 
the  respiratory  process:  for  in  plants,  as  in  animals,  there  is  a  continual 
absorption  of  oxygen  and  evolution  of  carbonic  acid,  which  constitute  the 
fonction  of  respiration;  but  the  effects  of  this  change  are  masked  (as  it  were) 
by  those  of  the  process  of  fixation  of  carbon  from  the  atmosphere,  which 
only  takes  place  under  the  infiuence  of  sun-light,  and  which  is  much  more 
aiialogoas  to  the  digestion  of  animals. 

General  subdivisions  of  the  ^nirqal  Kingdom. 

17.  The  Animal  kingdom  was  formerly  divided  into  two  primary  groups, 
—the  Vertebrated  and  the  Invertebrctted;  the  former  comprising  those 
which  are  distinguished  by  the  possession  of  a  jointed  spinal  column  con- 
fisting  of  a  number  of  internal  bones,  termed  vertebrae;  and  the  latter 
indading  all  those  animals  which  are  destitute  of  this  support.  It  was 
pointed  out  by  Cuvier,  however,  that,  among  the  Invertebrata,  there  are 
three  types  of  organization  as  distinct  from  each  other  as  any  of  them  are 
fiom  the  Vertebrata;  and  he  accordingly  distributed  the  whole  under  four 
primary  divisions  or  sub-kingdoms:  of  these  the  Vertebrata  rank  highest; 
next,  the  Articulata  and  the  Mollusc  a,  which  are  both  inferior  in  degree 
of  organization  to  the  Vertebrata,  but  are  superior  to  the  lowest  group,  the 
Radiata,  which  contains  those  animals  that  border  most  closely,  both  in 
external  aspect  and  in  general  character,  upon  the  Vegetable  kingdom. 
The  members  of  these  groups  are  readily  separated  from  each  other  by 
the  structure  of  their  skeletons,  or  organs  of  support  and  protection;  as  well 
as  by  many  other  characters.  In  the  Vertebrata,  the  skeleton  consists  of  a 
Bomber  of  internal  jointed  bones,  which  are  clothed  by  the  muscles  that  are 
attached  to  them  and  move  them;  these  bones  are  traversed  by  blood-vessels 
and  absorbents,  and  are  to  be  regarded  as  in  all  respects  analogous  to  the 
other  living  tissues  of  the  body.  In  the  Articulata,  the  soft  parts  are  sup- 
ported by  a  hard  external  envelope,  which  is  of  corresponding  form  on  the 
two  sides  of  the  median  line,  and  is  divided  into  numerous  pieces,  jointed 
or  articulated  together  by  a  membrane,  in  such  a  manner  as  still  to  allow  of 
tree  motion;  and  the  muscles,  which  are  numerous  and  complex,  are  attached 
to  the  interior  of  these.  In  the  Mollusca,  the  whole  body  is  quite  soft;  and 
many  species  exist,  in  which  it  has  no  external  protection:  a  large  proportion 
of  the  group,  however,  have  the  power  of  exuding  shelly  matter  from  their 
surface,  so  as  to  form  a  protective  habitation,  within  which  the  animal  can 
withdraw  its  body,  but  which  is  by  no  means  to  be  regarded  as  a  part  of  it, 
and  does  not  exhibit  any  definite  type  of  structure.  In  the  Radiata,  all  the 
parts  are  arranged  in  a  circular  manner,  the  mouth  being  in  the  centre;  some 
of  them  are  protected  by  firmly-jointed  exterior  skeletons  like  those  of  the 
Articulata;  whilst  others  deposit  calcareous  matter  in  the  centre  of  their  soft 
fleshy  structures,  as  if  sketching  out  the  internal  skeleton  of  the  Vertebrata. 
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The  skeletons  of  the  Invertebrata  differ,  however,  from  those  of  vertebrate 
animals,  in  this  important  character, — that  they  are  not  permeated  by  vessels, 
and  are  formed  only  by  a  super6cial  deposition.  Hence  they  are  termed 
extra-vascular;  and  it  is  an  obvious  result  of  an  arrangement  of  this  kind,  that 
parts  once  formed  are  never  changed,  except  by  the  ordinary  processes  of 
decay,  and  that  they  can  only  be  extended  by  addition  to  their  exterior; 
whilst  in  Vertebrata,  the  bones  are  subject  to  alterations  of  any  kind, 
whether  of  removal  or  addition,  throughout  their  entire  substance.  A  more 
detailed  account  of  the  general  structure  of  these  sub-kingdoms  will  now  be 
given,  beginning  with  the  lowest. 

• 

General  characters  of  Badiata, 

18.  The  Radiata  possess  many  points  of  affinity  with  the  Vegetable 
kingdom;  and  of  these,  the  circular  arrangement  of  their  parts  is  one  of  the 
most  evident  Many  species  of  Sea-Anemone,  for  instance,  present  an 
appearance  so  much  resembling  that  of  various  composite  flowers,  as  to 
have  been  commonly  termed  Animal-flowers, — a  designation  to  which  they 
further  seem  entitled,  from  the  small  amount  of  sensibility  they  manifest, 
and  the  evident  influence  of  light  upon  their  opening  and  closing.  But  it 
is  in  the  tendency  to  the  production  of  compound  fabrics,— each  containing 
a  number  of  individuals,  which  have  the  power  of  existing  independently, 
but  which  are  to  a  certain  degree  connected  with  one  another, — that  we 
recognise  the  greatest  affinity  in  stnicture  between  this  group  and  the 
Vegetable  kingdom.  Every  tree  is  made  up  of  a  large  number  of  buds, 
composed  of  leaves  arranged  round  a  common  axis;  each  bud  has  the  power 
of  preserving  its  own  life,  and  of  reproducing  the  original  structure,  when 
removed  from  the  parent  stem,  if  placed  in  circumstances  favourable  to  its 
growth;  and  yet  all  are  connected,  in  the  growing  tree,  by  a  system  of  ves- 
sels which  form  a  communication  between  them.  This  is  precisely  the 
nature  of  those  structures,  which  are  formed  by  the  animals  of  the  class 
that  may  be  regarded  as  the  most  characteristic  of  the  group.  Every  mass 
of  coral  is  die  skeleton  of  a  compound  animal,  consisting  of  a  number  of 
polypes,  connected  together  by  a  soft  flesh,  in  which  vessels  are  channelled 
out;  these  polypes  are  capable  of  existing  separately,  since  each  one,  when 
removed  from  the  rest,  can  in  time  produce  a  massive  compound  fabric, 
like  that  of  its  parent;  but  they  all  contribute  to  the  maintenance  of  the 
composite  structure,  so  long  as  they  are  in  connection  with  it.  In  some 
instances,  the  skeleton  is  stony,  and  is  formed  by  the  deposition  of  cal- 
careous matter,  either  in  the  centre  of  each  fleshy  column,  so  as  to  form  a 
solid  stem,  or  on  its  exterior,  so  as  to  form  a  tube.  In  other  cases,  it  is 
horny;  and  then  it  may  be  a  flexible  axis,  or  a  delicate  tube.  BoUi  the 
stony  and  homy  corals  often  possess  the  form  of  plants  or  trees;  and  as 
their  skeletons  are  often  found  with  no  obvious  traces  of  the  animals  to 
which  they  belonged,  they  have  been  accounted  vegetable  growths.  This 
idea  receives  confirmation  from  examination  of  their  intimate  structure;  for 
they  are  composed  of  a  tissue  which  bears  more  resemblance  to  the  vesicu- 
lar tissue  of  plants  than  to  the  cellular  tissue  of  the  higher  animals.  There 
is  not  the  least  doubt,  however,  as  to  the  animal  origin  of  the  greatest  part 
of  these  plant-like  structures;  and  one  group  only,  that  of  CorallintSj  re- 
mains a  source  of  much  perplexity  to  the  naturalist. 

19.  The  affinity,  however,  between  the  lowest  Radiata  and  Plants,  in 
regard  to  the  vital  phenomena  they  exhibit,  is  still  more  close  than  that 
manifested  by  their  structure.     Although  in  the  higher  groups,  movements 
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may  be  conatantly  witnessed,  which  evidenUy  indicate  conscionsnesa  and 
Tolunlary  power,  this  is  far  rrom  being  the  case  in  the  lower.  There  are 
many  tribes,  whose  reception  of  food,  growth,  and  reproduction,  are  not 
known  to  be  accompanied  by  any  phenomena,  which  distinctly  indicate 
ibeir  animal  character.  The  most  violent  lacerations  produce  no  f'igas  of 
ienaibility;  and  the  movements  they  occasionally  exhibit  have  not  so  much 
of  a  spontaneous  character,  as  those  which  are  performed  by  many  plants. 
This  is  the  case,  for  example,  with  the  Sponge  tribe,  and  also  with  a  num- 
ber of  microflcopic  species.  So  doubtful  is  tlie  nature  of  these  beings,  that 
their  animal  or  vegetable  character  is  rather  to  be  decided  by  their  affinity 
with  species  known  to  belong  to  either  kingdom,  than  in  any  other  way. 

20.  It  is  very  diO'erent,  however,  in  regard  to  tlie  higher  Radiata.  Even 
unoDg  the  Zoophytes  (as  the  plant-like  animals  just  alluded  to  are  com- 
noDly  termed)  there  are  some  species  which  are  unattached  during  the 
whole  period  of  their  lives,  and  have  a  power  of  voluntarily  moving  from 
pJMe  to  place,  such  as  is  never  poaseased  by  plants.  And  in  the  highest 
dass,  the  Echinodennata,  including  the  Siar-fiah,  Sea  Urchin,  iic,  we 
meet  with  a  considerable  degree  of  compleiity  of  structure,  and  a  corre- 
sponding variety  of  actions.  Still,  except  in  those  species  which  conned 
this  groop  with  otbersi  the  same  character  of  radial  or  circular  symmetry 
Fig.  1. 
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is  maintained  throughout;  and  in  no  animal  is  it  more  remarkable  than  in 
the  common  Star-fish.  It  is  exhibited  alike  in  its  internal  conformation 
and  external  aspect.  The  mouth,  placed  in  the  centre  of  the  disk,  leads  to 
a  stomach  which  occupies  the  greatest  part  of  the  cavity  of  the  body;  and 
this  sends  prolongations  into  the  arms,  which  are  exactly  alike  in  formt 
and  occupy  a  precisely  similar  position,  in  every  one.  Each  arm  is  fur- 
nished, on  its  under  side,  with  a  curious  apparatus  for  locomotion,  consist- 
ing of  a  series  of  short  elastic  tubes,  which  are  prolonged  through  apertures 
in  the  hard  envelope,  from  a  series  of  vesicles  placed  along  the  floor  (as  it 
may  be  termed)  of  the  ray.  The  system  of  vessels  for  absorbing  nutriment 
and  conveying  it  through  the  system,  is  also  disposed  upon  the  same  plan; 
and  the  same  may  be  said  of  the  nervous  system,  and  of  the  only  organs  of 
special  sensation  which  this  animal  appears  to  possess, — the  rudimentary 
eyes,  of  which  one  is  seen  at  the  extremity  of  each  ray. 

21.  Amongst  other  results  of  the  repetition  of  similar  organs,  so  remark- 
able  in  this  group,  is  this, — that  one  or  more  of  them  may  be  removed 
without  permanent  injury  to  the  whole  structure,  and  may  even  develope 
themselves  into  an  entire  fabric.  Thus  in  the  Star-fish,  instances  are 
known  of  the  loss  of  one,  two,  three,  and  even  four  rays,  which  have 
been  gradually  reproduced;  the  whole  process  appearing  to  be  attended 
with  little  inconvenience  to  the  animal.  In  some  species  of  isolated  Poly- 
pifera,  such  as  the  common  Sea-Anemone,  and  Hydra  (Fresh-water  Polype)* 
this  power  of  reproduction  is  much  greater.  The  Hydra  may  be  cut  into 
a  large  number  of  pieces  (it  is  said,  as  many  as  40),  of  which  every  one 
shall  be  capable  of  developing  itself  in  time  into  a  perfect  polype.  The 
Sea-Anemone,  when  divided  either  transversely  or  vertically,  still  lives;  and 
each  half  produces  the  other,  so  as  to  re-form  the  perfect  animal.  This  is 
another  character,  which  shows  the  affinity  of  the  Radiata  to  the  Vegetable 
kingdom;  and  there  is  yet  another,  derived  from  their  mode  of  reproduction. 
.  In  many  Polypifera,  we  observe  a  propagation  by  buds^  in  all  respects  con- 
formable to  Uiat  which  plants  effect,  and  quite  different  from  the  regular 
multiplication  by  distinct  germs.  This  gemmiparous  reproduction,  as  it  is 
called,  takes  place,  not  only  in  the  compound  Polypifera,  whose  plant-like 
structures  are  extended  by  it,  but  also  in  some  isolated  species,  such  as  the 
Hydra;  from  the  body  of  which  one  or  more  young  ones  bud  forth  at  the 
same  time,  and  these  buds  may  themselves  put  forth  another  generation, 
previously  to  their  separation  from  their  parent.  This  kind  of  reproduction 
is  not  seen  anywhere  else,  in  the  whole  Animal  kingdom,  except  in  a  few 
of  the  lowest  MoUusca  and  Articulata,  which  border  most  closely  on  the 
Radiata« 

General  characters  of  Molluaca. 

22.  The  range  of  Animal  forms  comprehended  in  the  sub-kingdom 
MoLLuscA  is  so  great,  that  it  would  be  difficult  to  include  them  in  any  posi- 
tive definition,  which  should  be  applicable  to  all.  They  present  few  traces 
of  the  circular  disposition  of  organs  around  the  mouth,  which  is  character- 
istic of  the  radiated  classes;  and  we  seldom  meet  with  any  marked  approach 
to  the  elongation  of  the  body,— still  seldomer  with  any  indication  of  that 
division  into  segments, — which  are  the  chief  peculiarities  of  the  Articulata. 
It  is  by  the  absence  of  these,  and  of  any  trace  of  the  vertebrated  structure, 
that  the  MoUusca  are  most  readily  defined.  The  variety  of  form  which 
they  present  is  less  surprising,  when  it  is  considered,  that  the  bulk  of  their 
bodies  is  almost  entirely  made  up  by  organs  of  nutrition;  and  the  organs  of 
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KUHlion  and  locomotion  which  ihey  poaaess  are  subservieDt  la  the  supply 
of  these.  We  find,  in  ihe  lowest  tribes  or  (hia  group,  living  beings  which 
■re  fixed  to  one  spot  during  all  but  the  earliest  period  of  their  lives;  and 
which  scarcely  possess  within  themselves  so  much  power  or  movement,  as 
ihal  enjoyed  by  the  individual  polypes  in  a  compound  polypidom;  and  yet 
these  exhibit  a  complex  and  powerful  digestive  apparatus,  a  regular  circu- 
lation of  blood,  and  an  active  respiration.  We  never  find,  Ihroughout  the 
whole  Animal  kingdom,  that  the  apparatus  of  organic  life  is  arranged  on 
any  definite  plan  of  its  own;  its  conformation  is  adapted  to  the  type  which 
predominates  in  the  structure  of  each  group,  and  which  is  principally  mani- 
fested in  the  disposition  of  the  locomotive  organs.  Thus,  ihc  stomach  of 
the  Star-fish  is  circular,  and  sends  a  prolongation  into  each  ray;  whilst  the 
digestive  cavity  of  the  Articulata  is  prolonged  into  a  tube.  In  the  Molluscs, 
there  is  no  such  definite  type,  the  apparatus  of  nutrition  having  the  predo- 
ninance  over  that  of  locomotion;  and  the  form  of  the  body  is,  therefore, 
utremely  variable.  The  relative  places,  even  of  the  most  important  organs 
(neh  as  the  gills)  are  found  to  undergo  complete  changes,  as  we  pass  from 
one  tribe  to  another;  sllhough  their  general  structure  is  but  little  altered. 

S3.  The  lower  Mollusca  may  be  characterized  as  consisting  merely  of  a 
bag  of  viscera;  they  have  not  even  any  prominence  for  the  mouth,  nor  any 
ergans  of  special  sense,  such  as  would  distinguish  a  head;  and  they  are 
tnlirely  destitute  of  tymmetry, — the  radiated  arrangement  of  parts  seen 
i>  the  lower  tribes  being  absent,  as  well  as  the  bi-laleral  correspondence 
which  is  characteristic  of  the  higher.  In  the  more  elevated  MoJIuaca, 
however,  which  possess  not  merely  sensitive  tentacula,  but  eyes  and  even 
o^ns  of  smell  and  hearing,  we  find  these  disposed  in  a  symmetrical  man- 
aer^  so  that  the  head,  which  is  the  part  concerned  peculiarly  in  animal  llfci 
does  present  a  bi-lateral  equality  of  parts,  even  when  the  remainder  of  the 
body  wants  it.  But  in  the  more  active  among  the  higher  classes,  we  find 
this  bi-lateral  symmetry  extending  to  the  exterior  of  the  whole  body, 
evidently  bearing  a  pretty  close  relation  to  its  degree  of  locomotive  power. 
It  is  most  evident  and  complete  in  the  Cephalopoda  {Cultle-fiah  tribe); 
Diiny  of  which  are  adapted  to  lead  the  life  of  Fishes,  and  resemble  them  in 
the  general  form  of  the  body,  and  in  the  siructnre  of  many  of  the  individual 
organs.  It  is  also  manifested  in  many  of  the  shell-less  Gasteropoda,  such 
as  the  Slug,  or  the  J]ply»ia  (Sea-Hare),  as  will  be  seen  by  the  accompany- 
ing representation  of  a  species  of  the  latter.     Bui  this  symmetry  does  not 
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extend  to  the  arrangement  of  the  internal  organs,  and  appears  to  be  only 
designed  to  adapt  the  body  for  more  convenient  locomotion. 

24.  As  a  group,  however,  the  Mollusca  are  to  be  characterized  rather  by 
the  absence^  than  by  the  possession,  of  any  definite  form;  and  there  is  a 
corresponding  absence  of  any  regular  organs  of  support,  by  which  such  a 
form  could  be  maintained.  The  name  they  have  received  designates  them 
as  soft  animals;  and  this  they  are  pre-eminently,  as  every  one  knows  who 
has  taken  a  slug  between  his  fingers.  The  shell,  where  it  exists,  is  to  be 
regarded  rather  in  the  light  of  an  appendage,  designed  for  the  mere  pro- 
tection of  the  body,  and  deriving  its  shape  from  the  latter,  than  as  a  skele- 
ton, giving  attachment  to  muscles,  and  regulating  the  form  of  the  whole 
structure.  It  is  in  no  instance  a  fixed  point  for  the  muscles  of  locomotion; 
and  it  is  only,  indeed,  where  the  body  is  uncovered  by  a  shell,  or  a  locomo- 
tive organ  may  be  projected  beyond  it,  that  any  active  movements  can  be 
executed.  This  locomotive  organ, — the  foot^  as  it  is  commonly  termed, 
— is  nothing  else  than  a  fleshy  mass  formed  by  the  increased  development 
of  the  muscular  portion  of  one  part  of  the  general  envelope  of  the  body, 
termed  the  mantle,  in  which  the  visceral  mass  is  loosely  included.  The 
mantle  is  not  essentially  different  from  the  skin  of  other  animals;  but  it  is 
usually  thicker,  possessing  a  considerable  amount  of  muscular  fibre  inter- 
woven with  it,  and  its  surface  having  frequendy  a  glandular  character. 
This  general  muscular  envelope  is  the  only  locomotive  organ  possessed  by 
a  large  proportion  of  the  Mollusca;  but  its  contractile  properties  are 
usually  greatest  at  some  particular  spot,  where  it  is  thickened  into  a  sort  of 
disk,  by  the  alternate  contraction  and  extension  of  which  the  animal  can 
slowly  propel  itself;  this  is  well  seen  by  causing  a  snail  or  slug  to  crawl 
over  a  piece  of  glass,  so  that  the  under  surface  of  the  disk  may  be  seen 
whilst  it  is  in  operation.  The  general  character  of  their  locomotion,  however, 
is  well  expressed  by  the  term  sluggish;  and  there  are  scarcely  any  among 
the  typical  Mollusca,  whose  activity  is  such  as  to  demand  for  them  any 
higher  appellation. 

25.  The  general  development  of  their  organs  of  nutrition,  however,  is 
much  higher  than  is  met  with  among  the  Articulata;  and,  in  proportion  to 
that  of  the  organs  of  locomotion,  it  is  much  greater  than  will  be  elsewhere 
observed  throughout  the  Animal  kingdom.  The  justice  of  this  statement 
will  be  made  evident  by  a  slight  examination  of  the  adjoined  figure,  in 
which  the  interior  structure  of  the  ^plyaia,  showing  the  general  character 
of  that  of  the  group,  is  displayed.  The  only  set  of  muscles  which  this 
animal  possesses  is  that  connected  with  tlie  mouth,  which  it  is  able  to  push 
forwards  or  to  draw  back,  and  which  possesses  considerable  powers  of  masti- 
cation, and  is  furnished  with  large  salivary  glands.  The  nervous  centres 
(of  which  more  will  be  said  hereafter)  are  seen  to  be  principally  disposed 
around  the  oesophagus.  The  whole  digestive  apparatus  is  observed  to  be 
very  complex  and  highly  developed;  the  liver  alone  occupies  a  considerable 
part  of  the  cavity.  The  heart  has  distinct  muscular  walls,  and  is  divided 
into  a  separate  auricle  and  ventricle;  and  a  large  respiratory  organ  is  de- 
veloped for  the  aeration  of  the  blood.  The  position  of  the  gills,  which  are 
external  to  the  cavity,  but  which  are  concealed  in  part  by  a  fold  of  the 
mantle,  and  in  part  by  the  rudimentary  shell,  is  seen  at  a,  Fig.  2.  The 
generative  apparatus,  also,  is  highly  developed.  Yet  with  all  this  complex 
organization,  the  locomotive  power  of  tlie  animal  is  not  much  greater  than 
that  of  the  slug;  no  other  means  being  provided  for  the  purpose,  than  the 
contractility  of  the  general  envelope,  which  is  greatest  on  the  under  side  of 
the  body. 
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Fig.  3, 


26.  The  blond  of  the  Mollusca  is  white,  and  ihc  number  or  corpuscles  in 
it  U  small.  Their  temperature  is  low,  heing  seldom  more  than  one  or  two 
d^rees  above  thai  of  ihe  surrounding  medium;  but  many  of  them  are 
capable  of  being  subjected  in  extreme  variations  of  Kent  and  cold,  without 
iheir  vilality  being  thereby  destroyed.  Their  respiraiion  is  fur  the  most 
pan  aquatic;  and  is  performed  by  means  of  gills,  over  which  a  current  of 
vaier  is  constantly  propelled,  by  the  vibration  of  the  cilia  that  cover  their 
tarface.  Many  of  ihem  are  dependent  on  ihe  same  current  for  their  sup- 
plies of  food;  part  of  the  water  so  introduced  being  taken  inlo  the  stomach; 
and  a  part  flowing  over  the  respiratory  surface.    The  higher  tribes,  haw- 
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ever,  go  in  search  of  their  food,  and  have  instruments  of  mastication  for  re- 
ducing it;  but  in  these,  as  in  the  former,  the  anal  orifice  of  the  intestine  opens 
into  the  same  passage  as  that  through  which  the  current  that  has  passed  over 
the  respiratory  organs  finds  egress;  so  that  the  foecal  matter  from  the  former, 
and  the  fluid  that  has  served  the  purpose  of  the  latter,  are  discharged  to- 
gether. Although  very  voracious,  when  supplies  of  food  come  in  their 
way,  most  of  the  Mollusca  are  capable  of  fasting  for  long  intervals,  when 
none  offer  themselves, — a  fact  which  is  readily  explained  by  that  general 
inertness  of  their  vital  processes,  which  has  been  stated  to  be  the  character- 
istic of  the  group. 

General  characters  of  Articulata, 

27.  The  members  of  the  sub-kingdom  Articulata  are  distinguished,  for 
the  most  part,  by  characters  which  are  exactly  opposed  to  those  just  enu- 
merated. Their  characteristic  form  is  easily  defined;  and  in  no  instance  is 
there  any  wide  departure  from  it.  The  body  is  more  or  less  elongated, 
and  presents  throughout  a  most  exact  bi-lateral  symmetry.  It  is  completely 
enclosed  in  an  integument  of  greater  density  than  the  rest  of  the  structure, 
which  is  divided  into  distinct  rings  or  segments;  these,  being  held  together 
by  a  flexible  membrane,  allow  considerable  freedom  of  motion,  whilst  they 
firmly  protect  the  soft  parts,  and  afford  attachment  to  numerous  muscles. 
It  is  in  the  Centipede,  and  other  such  animals,  that  this  division  into  seg- 
ments is  most  distinctly  and  regularly  marked.  In  the  lower  Articulata, 
such  as  the  Leech  and  the  Earth-worm,  the  integument  is  altogether  so  soft, 
that  the  intervals  of  the  articulations  are  not  very  distinct  from  the  rings 
themselves;  and  in  the  highest  Crustacea  and  Arachnida,  the  segments  are 
so  closely  united  together,  as  to  be  in  some  instances  scarcely  recognisable. 
In  the  former,  the  movements  of  the  body  are  entirely  effected  by  its  own 
flexion;  whilst  in  the  latter  they  are  committed  to  members  developed  for 
that  special  purpose.  These  members  also  have  an  articulated  external 
skeleton.  The  bulk  of  the  body  in  the  Articulata  is  made  up  of  the  muscles, 
by  which  the  several  segments,  and  their  various  appendages,  are  put  in 
motion;  these  muscles  have  their  fixed  points  on  the  interior  of  the  hard 
envelope,  just  as  they  are  attached  in  vertebrated  animals  to  the  exterior  of 
the  bones;  and  they  form  a  system  of  great  complexity. 

28.  The  development  of  the  organs  of  nutrition  in  Articulata  would  seem 
to  be  altogether  subservient  to  that  of  the  locomotive  apparatus, — their 
function  being  chiefly  to  supply  the  niuscles  with  the  aliment  necessary  to 
maintain  their  vigour.  The  power  of  these  muscles  is  so  great  in  propor- 
tion to  their  size,  that,  in  energy  and  rapidity  of  movement,  some  of  the 
Articulated  tribes  surpass  all  other  animals.  These  movements  are  directed 
by  organs  of  sensation,  which,  although  not  developed  on  so  high  a  plan  as 
those  of  some  Mollusca,  are  evidently  very  acute  in  their  powers.  There 
are  very  few  instances  of  Articulated  animals  being  in  any  way  restrained  as 
to  freedom  of  locomotion;  and  these  are  found  in  a  single  group,  the  Cirrho- 
poda  or  Barnacle  tribe,  which  connects  this  sub-kingdom  with  the  last.  In 
general,  they  roam  freely  abroad  in  search  of  food,  and  are  supplied  with 
prehensile  organs  for  capturing  their  prey,  and  with  a  complex  masticating 
apparatus  for  reducing  it.  Their  actions  are  evidently  directed  almost 
solely  hy  instinctive  propensities,  which  are  adapted  to  meet  every  ordinary 
contingency,  being  of  similar  character  in  each  individual  of  the  same  species, 
and  presenting  but  little  appearance  of  ever  being  modified  by  intelligence. 
Hence  these  animals  seem  like  machines,  contrived  to  execute  a  certain  set 
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of  operations;  many  of  them  producing  immediate  results,  which  even  man, 
br  the  highest  efibrts  of  his  reason,  has  found  it  difficult  to  attain.* 

29.  All  the  Articulata,  save  a  few  of  the  very  lowest  species,  possess  a 
distinct  head  at  one  end  of  the  body,  furnished  witli  organs  of  special  sensa- 
tion, and  with  lateral  jaws  for  the  prehension  and  reduction  of  food;  and 
their  movements,  being  principally  guided  by  the  special  senses,  take  place 
in  this  direction.     The  bi-lateral  symmetry  of  the  body  is  not  confined  to 
ilseiterior;  for  it  prevails  most  completely  in  the  whole  muscular  apparatus; 
and  even  the  organs  of  nutrition  present  more  distinct  traces  of  it  than  arc 
to  be  seen  elsewhere.     The  compact  heart  of  the  Molluscs,  for  instance,  is 
here  replaced  by  a  long  tube,  the  dorsal  vessel,  placed  on  the  median  line; 
and  the  respiratory  organs,  which  are  usually  diffused  through  the  whole 
lystem,  are  uniform  on  the  two  sides.     Even  the  intestinal  canal  partakes 
of  this  symmetry;  in  some  species  it  runs  straight  from  end  to  end  of  the 
body;  and  where  it  does  not  throughout,  its  appendages  are  nearly  equal  on 
the  two  sides.     The  respiration  of  this  group  is  for  the  most  part  aerial;  and 
the  apparatus  for  the  purpose  consists  of  a  series  of  chambers  or  tubes, 
which  are  dispersed  or  extended  through  the  whole  body.     By  this  means, 
the  air,  the  blood,  and  the  tissue  to  he  nourished,  are  all  brought  into  contact 
at  the  same  points;  and  a  much  less  vigorous  circulation  is  required,  there- 
fore, than  would  otherwise  be  needed.     The  whole  apparatus  of  nutrition 
V  comprised  within  a  comparatively  small  part  of  the  body;  and  the  bulk  of 
the  orfi^ans  which  compose  it  is  never  at  all  to  be  compared  with  that  which 
we  ordinarily  find  in  the  M ollusca.     Thus,  the  liver,  which  in  the  Oyster 
forms  a  large  part  of  the  whole  substance,  is  often  scarcely  recognisable  as 
inch  in  the  insect;  and  the  intestinal  tube  seldom  makes  many  convolutions 
m  its  course  from  one  extremity  to  the  other.     The  blood  is  usually  white, 
as  in  the  other  Invertebrated  classes;  but  it  contains  a  larger  number  of 
corpuscles  than  are  seen  in  that  of  most  of  the  Mollusca.     The  temperature 
varies  to  a  certain  degree  with  that  of  the  atmosphere;  but  there  are  many 
insects  that  have  the  power  of  generating  a  large  amount  of  independent 
heat,  which  is  strictly  proportionable  to  the  quantity  of  oxygen  converted 
by  them  into  carbonic  acid  in  tlie  respiratory  process.     All  the  actions  of 
the  Articulata  are  performed  w^ith  great  energy;  and,  at  the  time  of  the  most 
lapid  increase  of  the  body,  the  demand  for  food  is  so  great,  that  a  short  sus- 
pension of  the  supply  of  aliment  is  fatal.     They  are  capable,  however,  of 
being  submitted  to  the  influence  of  very  extreme  temperatures,  with  little 
permanent  injury. 

30.  The  adjoining  figure,  which  displays  the  muscular  apparatus  of  the 
interior  of  the  body  of  a  Cock-chafer,  will  give  an  idea  of  its  complexity  and 
Tariety,  and  of  the  large  portion  of  the  trunk  which  is  occupied  by  it;  and 
will  also  show  the  division  of  the  skeleton  into  segments,  the  number  of 
which  in  Insects  is  limited  to  thirteen.  These  are  nearly  equal  and  simi- 
lar to  each  other  in  the  larva;  but,  in  the  perfect  insect,  the  three  behind 
the  head  are  united  into  the  thorax,  to  which  the  legs  and  wings  are 
attached;  and  the  remainder  form  the  abdomen,  which  has  little  concern  in 
locomotion. 

•  Reference  is  here  especially  made  to  the  celebrated  problem  of  Maraldi,  in  re- 
^rd  to  ihe  angle  ai  whicli  lUe  ihree  planes,  Ibrmins:  the  bouom  of  the  Bee's  cell, 
Ah(»uld  meet  each  other,  so  as  lo  have  the  grealesit  strength,  with  the  least  expenditure 
of  material. 
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General  characters  of  Verlcbrata. 


31.  Ill  none  of  ihe  three  preceding  diviaiona  of  llie  Animal  kingilom,  does 
the  Nervous  Syslem  allnin  such  a  degree  of  development,  as  lo  give  ii  that 
predominance  in  the  whole  fabric,  which  it  evidently  attains  in  Vertedrata. 
In  the  Radisla  and  Mollusca,  iu  functions  are  evidently  restricted  to  the 
maintenance  of  the  nutritive  operations;  and  to  the  guidance  of  the  animalt 
by  means  of  its  sensory  endowments,  in  the  choice  of  food,  as  well  as  (in 
some  instances)  in  the  search  for  nn  individual  of  the  opposite  aex:  in  IAS 
Articulata,  its  purpose  appears  similar,  but  is  carried  into  effect  in  a  different 
manner,  the  locomotive  organs  being  the  parts  chiefly  supplied  by  it>  In 
the  Vertebrata,  on  the  other  hand,  the  development  of  all  the  other  organs 
appears  to  be  subordinate  to  that  of  the  Nervous  System;  their  object  boin^ 
solely  to  give  to  it  the  means  of  the  exercise  of  its  powers.  This  stalemsnt 
is  not,  of  conrsc,  as  applicable  to  the  lower  Veriebrata,  as  it  is  to  the  higher; 
but  it  is  intended  to  express  the  general  character  of  the  group.  The  pre- 
dominance of  the  nervous  system  is  manifested,  not  only  in  the  increased 
size  of  its  centres,  but  also  in  the  special  provision  which  we  here  find,  for 
the  protection  of  these  frora  injury.  In  the  inverlebrated  classes,  wherever 
the  nervous  system  is  enclosed  in  any  protective  envelope,  that  envelope 
serves  equally  for  the  protection  of  the  whole  body.  This  is  the  case,  for 
example,  in  regard  to  the  spiny  integument  of  the  Star-Fish,  the  shell  of  iba 
MoUueca,  and  the  firm  jointed  rings  of  the  Insect.  The  only  exccptionc 
occur  in  a  few  tribes,  in  which  the  nervous  system  is  much  concentraleil; 
itnd  in  which  the  general  orffanization  approaches  that  of  the  Veriebrata.' 
In  vertebrsied  animals,  we  find  that  the  skeleton  essentially  consists  of  a 
aeries  of  parts  destined  to  enclose  the  nervous  centres,  and  to  give  atlach- 

•  Thus,  In  the  hi^rhest  CraRacea,  there  it  en  imenial  projeciiou  ftuni  (be  Ahell.on 
each  side  utthe  median  1i[ie,  ivbieh  Turmsa  sort  of  arch  encbsiDe  Ibe  veniral  cord; 
■ad  in  the  naked  CeplialuiHMa,  the  nervous  ccaircs  are  sapporteil,  and  in  pan  pro- 
lecicd,  bv  carlilHEincus  plaies,  which  are  evidently  the  rudlmcnia  of  the  lotcrnaj 
Kkdeion  of  Ihe  Vcrlebraiii, 


GENERAL  CHARACTERS  OF  VERTEBRATA.  45 

ment  on  their  exterior  to  the  muscles  by  which  the  body  is  moved.  It 
consists  either  of  bone  or  cartilage;  both  of  which  structures  are  permeated 
by  blood-vessels,  absorbents,  &c.,  and  are  capable  of  undergoing  interstitial 
change,  so  as  to  be  essentially  different  from  the  extra-vascular  skeletons  of 
the  Invertebrata.  The  latter,  when  external  fas  they  usually  are),  may  be 
properly  spoken  of  under  the  appellation  of  aermo-akeleion;  being  formed 
in  some  manner  from  the  general  integument.  The  former,  being  especially 
destined  for  the  protection  of  the  nervous  system,  may  be  termed  the  neuro- 
skeleton. 

32.  In  considering  the  essential  character  of  the  skeleton  of  Vertebrata, 
we  should  look  at  its  simplest  forms, — those  in  which  it  has  the  least  number 
of  superadded  parts.  We  find  these  in  the  serpent  tribe  among  reptiles, 
and  in  the  eel  and  its  allies  among  fish.  If  we  examine  their  skeletons,  we 
perceive  that  the  spinal  column,  with  the  cranium  at  its  anterior  extremity, 
constitutes  the  essential  part  of  the  vertebrated  framework;  and  that  the 
development  of  members  is  secondary  to  this.  This  spinal  column  usually 
consists  of  a  number  of  distinct  bones,  the  vertebrs;  each  of  which  is  per- 
forated by  a  large  aperture,  in  such  a  manner  that,  when  the  whole  is  united, 
a  continuous  tube  is  formed  for  the  lodgment  of  the  spinal  cord.  The 
cranium,  which  it  bears  at  its  upper  end,  is  in  reality  formed  of  the  same 
elements  as  the  vertebrae,  instead  of  differing  from  them  completely  in 
•tructure,  as  we  might  be  led  to  suppose  by  examination  of  its  most 
developed  forms  only.  The  object  of  this  enlargement  is  to  enclose  the 
brain,  or  mass  of  cephalic  ganglia,  which  attains  a  greatly  increased  size  in 
the  Vertebrata;  and  also  to  afford  support  and  protection  to  the  organs  of 
special  sense,  which  are  far  more  highly  developed  than  elsewhere.  The 
true  nature  of  the  cranium  is  best  seen  in  those  animals,  in  which  the  brain 
bears  but  a  small  proportion  to  the  spinal  cord,  such  as  the  lower  reptiles 
and  fishes;  and  an  examination  of  its  structure  in  these  satisfactorily  proves 
the  reality  of  this  view,  which  is  further  borne  out  by  the  history  of  its 
development,  and  of  that  of  its  contained  parts,  in  the  higher  Vertebrata. 

33.  The  vertebral  column,  at  its  opposite  extremity,  is  usually  contracted 
instead  of  being  dilated, — forming  a  tail,  or  a  rudiment  of  one,  from  which 
the  nervous  centres  are  entirely  withdrawn;  the  development  of  the  tail  is 
commonly  seen  to  be  in  an  inverse  proportion  to  that  of  the  cranium.  To 
this  column,  the  ribs  and  extremities  are  merely  appendages,  which  we  find 
more  or  less  developed  in  the  various  tribes,  and  often  entirely  absent;  whilst 
the  vertebral  column  is  never  wanting,  although  reduced  in  some  species  to 
a  very  rudimentary  state.  It  is  interesting  to  compare  its  various  condi- 
tions, with  those  which  have  been  noticed  in  the  external  skeleton  of  the 
Articnlata.  In  the  lowest  animals  of  the  group,  locomotion  is  almost  or 
entirely  performed  by  fiexion  of  the  body  itself;  and  here,  as  in  the  worm 
tribe,  we  find  the  skeleton  extremely  flexible,  the  whole  being  compara- 
tively soft,  and  its  divisions  indistinct.  This  is  the  case,  for  example,  in 
the  lamprey  and  other  Cyclostome  fishes;  in  which  there  is  no  distinct 
division  into  vertebra;,  the  spinal  column  scarcely  possessing  even  the 
density  of  cartilage.  In  proportion,  however,  as  distinct  members  are 
developed,  and  the  power  of  locomotion  is  committed  to  them,  we  find  the 
firmness  of  the  spinal  column  increasing,  and  its  flexibility  diminishing;  and 
in  binls, — in  which,  as  in  insects,  the  movements  of  the  body  through  the 
air  are  effected  by  muscles  which  must  have  very  firm  points  of  support, — 
the  vertebral  column  is  much  consolidated  by  the  union  of  its  different  parts, 
so  as  to  form  a  solid  framework.  As  a  general  rule,  then,  the  mobility  of 
the  extremities,  and  the  firmness  of  the  vertebral  column,  are  in  an  inverse 
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ratio  to  each  other.  The  number  of  these  extremities  in  Vertebrata  never 
exceeds/owr;  and  two  of  these  are  not  unfrequenlly  absent.  The  power  of 
locomotion  is  not  developed  to  nearly  the  same  proportional  extent  as  in 
the  Articulata;  the  swiftest  bird,  for  example,  not  passing  through  nearly  so 
many  times  its  own  length  in  the  same  period,  as  a  large  proportion  of  the 
insect  tribes:  but  it  is  far  greater  than  that  which  is  characteristic  of  the 
Mollusca;  and  there  is  no  species  that  is  fixed  to  one  spot,  without  the  power 
of  changing  its  place.  On  the  other  hand,  the  highest  Mollusca  approach 
them  very  nearly  in  the  development  of  organs  of  special  sense,  of  which 
Vertebrata  almost  invariably  possess  all  four  kinds, — sight,  hearing,  smell, 
and  taste. 

34.  The  perfection  of  the  articulate  structure  has  been  shown  to  consist 
in  the  development  of  those  powers,  which  enable  the  animal  to  perform 
actions  denoting  the  highest  instinctive  faculties.  That  of  the  Vertebrata 
evidently  tends  to  remove  the  animal  from  the  dominion  of  undisceming, 
uncontrollable  instinct,  and  to  place  all  its  operations  under  the  dominion 
of  an  intelligent  will.  We  no  longer  witness  in  these  operations  that 
uniformity,  which  has  been  mentioned  as  so  remarkable  a  characteristic 
of  instinctive  actions.  There  is  evidently,  among  the  higher  Vertebrata 
especially,  a  power  of  choice  and  of  determination,  guided  by  a  perception 
of  the  nature  of  the  object  to  be  attained,  and  of  the  means  to  be  employed, 
constituting  the  simplest  form  of  the  reasoning  faculty;  and  the  amount 
of  this  bears  so  close  a  relation  with  the  development  of  tlie  brain,  that 
it  is  scarcely  possible  to  regard  them  as  unconnected.  In  Man,  whose 
brain  is  far  larger  in  proportion  to  his  size,  as  well  as  more  complex  in 
its  structure,  than  that  of  any  other  animal,  the  reasoning  faculties  attain 
the  highest  perfection  that  we  know  to  be  anywhere  manifested  by  them 
in  connection  with  a  material  instrument;  the  instinctive  propensities  are 
placed  under  their  subjection;  and  all  his  acts,  excepting  those  immediately 
required  for  the  maintenance  of  his  organic  functions,  are  placed  under 
their  control.  It  is  to  man,  therefore,  that  what  was  just  now  stated,  of 
the  predominance  of  the  nervous  system  in  Vertebrata,  particularly  applies; 
but  the  same  may  be  noticed,  though  in  a  less  striking  degree,  throughout 
the  group.  Not  only  is  the  influence  of  the  nervous  system  to  be  traced 
in  the  sensible  movements  which  they  perform,  but  also  in  various  modifi- 
cations of  the  organic  functions,  which  take  place  under  the  influence  of 
particular  states  of  mind,  and  the  occurrence  of  which  there  is  no  reason 
to  suspect  in  the  lower  tribes  of  animals.  These  are  even  much  more 
striking  in  man  than  in  the  lower  Vertebrata;  indeed  the  comparative  slight- 
ness  of  the  influence  of  the  mind  upon  the  body  is  one  of  the  causes,  which 
render  the  lower  Mammalia  more  able  than  man  is,  to  recover  from  tlie 
cflects  of  severe  injuries.  The  Mollusca  seem  to  grow  like  plants;  their 
massive  organs  increasing  by  their  own  separate  vitality,  and  being  but 
little  dependent  upon  each  other.  Even  the  act  of  respiration,  which  is 
in  most  animals  performed  by  a  series  of  distinct  muscular  contractions, 
is  there  principally  eflfected  through  the  medium  of  the  cilia  which  clothe 
the  respiratory  surface.  But  in  the  Vertebrata  the  nervous  system  possesses 
a  distinct  and  independent  rank;  its  oflices  are  those  which  more  par- 
ticularly constitute  the  active  life  of  the  animal;  the  organic  functions  have 
for  their  chief  object,  the  maintenance  of  the  nervous  and  muscular  appa- 
ratus in  the  conditions  requisite  for  their  activity;  and  in  consequence,  all 
these  difierent  kinds  of  apparatus  are  so  interwoven  together,  that  their 
mutual  dependence  is  very  close. 

35.  The  foregoing  remarks  will  be  found  to  have  an  important  bearing 
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on  the  details  subsequently  to  be  given,  respecting  the  functions  of  the 
nervous  system  in  man;  and  it  is  desirable  to  set  out  with  clear  ideas  on 
this  subject,  since  there  is  no  department  of  Physiology,  regarding  which 
more  error  is  prevalent.  There  is  no  valid  reason  for  believing,  that  the 
organic  functions  in  animals,  any  more  than  the  corresponding  parts  in 
plants,  are  dependent  on  the  nervous  system  for  their  performance;  but 
eommon  observation  shows  that  they  are  much  influenced  by  it  in  the 
higher  animals;  and  from  such  a  comparison  as  that  which  has  been  just 
now  briefly  made,  it  would  appear  that,  the  higher  the  general  development 
of  the  nervous  system,  the  closer  is  their  relation  with  it. 

36.  This  general  character  of  the  Vertebrata  harmonizes  well  with  what 
may  be  observed,  on  a  cursory  glance  at  the  structure  of  their  bodies,  of 
ihe  proportion  between  the  organs  of  nutritive  and  those  of  animal  life. 
Tlie  former,  contained  in  the  cavities  of  the  trunk,  are  highly  developed: 
bat,  as  in  the  Mollusca,  they  are  for  the  most  part  unsymmetrically  dis- 
posed. Of  the  latter,  the  nervous  system  and  organs  of  the  senses  oc- 
cupy the  head;  whilst  the  muscles  of  locomotion  are  principally  connected 
with  the  extremities;  both  are  symmetrical,  as  in  the  Articulata;  but,  whilst 
that  part  of  the  nervous  centres,  which  is  the  instrument  of  reason,  is  very 
largely  developed,  the  portion  which  is  specially  destined  to  locomotion, 
together  with  the  muscular  system  itself,  bears  much  the  same  proportion 
to  the  whole  bulk  of  the  body,  as  it  does  in  the  Articulated  series.  Hence 
we  observe  that  the  Vertebrata  unite  the  unsymmetrical  apparatus  of  nutri- 
tion characteristic  of  the  Mollusca,  with  the  symmetrical  system  of  nerves 
and  muscles  of  locomotion,  which  is  the  prominent  characteristic  of  the 
irticulata;  both,  however,  being  rendered  subordinate  to  the  great  purpose 
to  be  attained  in  their  fabric, — the  development  of  an  organ  through  which 
intelligence  peculiarly  manifests  itself.  For  the  operations  of  this,  a  degree 
of  g-CTi^ro/ perfection  is  required,  which  is  not  met  with  elsewhere.  The 
higher  Vertebrata  have  a  power  of  constantly  keeping  the  temperature  of 
the  body  up  to  a  point,  which  it  can  only  occasionally,  and  under  peculiar 
circumstances,  attain  in  the  Articulata,  and  which  it  never  reaches  in  the 
Mollusca.  This  involves  an  energetic  performance  of  the  functions  of  re- 
spiration and  circulation;  and  these  again  require  considerable  activity  of 
digestion.  All  the  Vertebrata  have  red  blood,  which  is  propelled  through 
the  system  by  a  distinct  muscular  heart;  and  the  number  of  corpuscles 
which  any  given  amount  of  the  fluid  contains,  bears  a  nearly  constant 
proportion  to  the  ordinary  temperature  of  the  animal.  They  are  further 
distinguished  from  Articulata  by  a  character  which  seems  of  little  impor- 
tance, but  which  is  very  constant  in  each  group.  Whilst  the  mouth  of 
the  latter  is  furnished  with  two  or  three  pairs  of  jaws  which  open  sideways^ 
that  of  the  latter  has  never  more  than  one  pair  of  jaws,  which  are  placed 
one  above  or  before  the  other;  and  these  jaws  are  usually  armed  with  teeth, 
which  are  very  analogous  in  their  structure  to  bone. 

General  characters  of  Fishes. 

37.  The  Vertebrata  arc  subdivided  into  classes,  principally  according  to 
their  mode  of  performing  the  functions  of  respiration  and  reproduction. 
Thus,  FISHES  are  at  once  separated  from  all  other  groups,  from  the  circum- 
stance of  their  being  adapted,  like  the  aquatic  Invertebrata,  to  aerate  their 
blood  by  gills;  and  being  hence  enabled  to  inhabit  water  during  their  whole 
lives,  without  the  necessity  of  coming  to  the  surface  to  breathe.  The  low 
amount  of  their  respiration  prevents  their  bodies  from  ever  attaining  a  tem- 
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perature  mnch  above  ihat  of  ttie  surrounding  meilium;  hence  they  ^ 
spoken  of  as  cold-blooded.  Further,  they  are  ovipnrous;  an  ovum  or  i 
being  deposited  by  the  parent,  from  which,  in  due  lime,  the  young  ma 
ilB  way;  or  if,  as  sometimes  happens,  the  ovum  ia  retained  within 
of  the  parent  until  it  is  hatched,  Uie  young  animal,  though  produced  ai 
is  noisubscquendy  dependent  upon  its  parent  for  support.  Id  many  respeolc,  1 
the  organization  of  Fishes  is  noi  much  advanced  beyond  that  of  the  higher 
Mollusca.  Their  respiratory  apparatus  has  the  same  character;  and  the 
organs  by  which  the  Mood  is  depurated  of  its  aupcriluous  axote,  railicr 
conespood  with  the  temporary  Corpora  Wolffiana  of  higher  Bnimals,  than 
with  Iheir  true  kidneys.  The  verlehral  column  itself  is  often  very  imperfecdy 
developed;  in  a  large  proportion  of  the  group,  the  skeleton  ia  carlilaginoua 
only;  and  in  the  lowest  spenies  it  does  not  even  manifest  a  diBlinct  division 
into  verlebrx.  Living  habitually  in  an  element  which  ia  nearly  of  ihe 
same  specific  gravity  with  their  own  bodies,  6shes  have  no  weight  to  sup- 
port, and  have  only  to  propel  themselves  through  the  water.  Accordingly 
we  find  iheir  structure  adapted  rather  for  great  freedom  of  motion,  than  for 
firmness  and  solidity;  and  as  progressive  motion  is  chiefly  effected  by  the 
lateral  action  of  ihe  spine,  ihe  vertebrae  are  so  united  as  to  move  very  readily 
upon  one  another.  Instead  of  being  articulated  together  by  surfaces  nearly 
flat,  as  in  Mammalia,  or  by  ball-and-socket  joints,  as  in  serpents,  they 
have  both  their  surfaces  concave;  and  these  glide  over  a  hag  of  fluid  (the 
representative  of  the  intervertebral  aubslance  in  the  higher  animals)  which 
ia  interposed  between  each  pair.  The  tail  is  flattened  vertically;  so  as,  by 
ita  lateral  stroke,  to  propel  ihe  fish  through  the  water.  By  this  character, 
true  fishes  are  distinguished  from  the  aquatic  Mammalia  which  arc  adapieJ 
to  inhabit  their  element,  and  wh  ich  commonly  receive  iho  same  designation; 
for  llie  biter,  being  air-breathin^r  animals,  are  obliged  to  come  frequently 
to  the  surface  to  respire,  and  tl^eir  tail  is  flattened  horizontally  to  ennble 
ihem  to  do  this  with  facility.  The  lateral  surface  of  the  body  of  Fish  is 
further  extended  above,  by  the  projection  of  the  dorsal  fin,  which  is  sup- 
poTted  on  prolongations  of  the  spines  of  the  vertebrte;  and  below,  by  the 
abdominal  fin,  which  also  is  placed  on  the  median  line:  these  will,  of 
course,  increase  the  power  of  the  lateral  stroke  of  the  body,  and  can  only  be 
moved  with  the  spine.  The  pectoral  and  ventral  fins,  on  the  other  hund, — 
the  former  of  which  answer  to  the  superior  extremities,  and  the  latter  to  llie 
inferior  extremities,  of  man. — serve,  by  their  independent  mnvemenla, 
rather  as  steering  than  as  propelling  organs;  and  they  also  nasist  in  nislng 
and  depressing  the  animal  through  the  water.  The  scales  with  which  ihB 
bodies  of  all  fishes  are  covered,  are  frequently  of  a  bony  hardness,  and  some- 
times form  a  firmly-jointed  casing,  in  which  ihe  trunk  is  completely  enclosed] 
this  is  especially  thecnsc  when  the  internal  skeleton  is  imperfectly  developed; 
BO  that  here  we  have  approach  to  the  character  of  ihe  Inveriebratii. 

36.  The  swimming-bladder,  as  it  is  commonly  termed,  of  the  fish,  \m 
not  an  organ  sui  generis;  hut  is  ascertained,  by  comparsion  with  tha 
pulmonary  sacs  of  the  lower  reptiles,  to  be  a  rudimentary  lung.  It  doM  i 
not,  however,  give  any  assistance  in  the  aeration  of  the  blood,  except  in  k 
few  instances;  but  seems  to  be  in  general  subservient  to  the  elevation  bd4 
depression  of  the  body  in  its  element.  The  heart  of  the  fish  is  extremely 
simple  in  its  consiruclion,  containing  two  cavities  only;  and  the  course  of 
the  circulation  is  equally  simple.  The  blood  which  returns  from  the  body  in 
n  venous  condition,  is  received  into  the  single  auricle  or  recipient  cavity; 
and  from  this  it  passos  into  ihe  venlricle  or  propellent  caviiy.  The  laller 
forces  it  into  a  large  trunk,  which  subdividea  into  branchcs'thul  ore  diatri* 
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butcd  to  the  branchial  arches  on  each  side:  and  in  these  it  undergoes  aera- 
tion. Being  collected  from  the  gills  by  returning  vessels,  the  blood,  now 
become  arterial  in  its  character,  is  transmitted  to  the  large  systemic  trunk, 
the  aorta,  by  which  it  is  distributed  through  the  system, — returning  again 
to  the  heart,  when  it  has  passed  through  the  organs  and  tissues  of  the  body. 
Hence  it  is  evident  that  the  whole  of  the  blood  passes  through  the  gills, 
before  it  goes  a  second  time  to  the  system;  by  which  the  imperfection  of 
the  aerating  process  itself  is  in  some  degree  compensated.  There  is  a 
special  provision,  too,  for  renewing  by  muscular  power  the  stratum  of  water 
in  contact  with  the  gills;  continual  currents  being  sent  over  them  from  the 
pharynx,  with  which  their  cavity  communicates.  It  is  worth  noticing  that 
whilst,  in  the  osseous  fishes,  there  is  a  single  large  external  gill  opening  on 
either  side,  with  a  valve-like  operculum  or  gill-cover,  there  are,  in  the  car- 
tilaginous fishes,  several  slits  on  each  side  of  the  neck,  one  corresponding 
with  each  branchial  arch.  Similar  apertures  may  be  seen  in  the  embryo  of 
Man  and  of  other  Mammalia,  as  well  as  of  birds  and  reptiles,  at  the  time 
that  tlie  circulation  is  in  the  condition  of  that  of  the  fish,  the  heart  possessing 
only  two  cavities,  and  the  blood  being  first  propelled  through  a  series  of 
branchial  arches. 

General  characters  of  Reptiles, 

39.  The  class  of  reptiles  is  oviparous  and  cold-blooded,  like  that  of 
Fishes;  but  the  animals  belonging  to  it  are  formed  to  breathe  air  and  to  in- 
habit the  surface  of  the  earth, — the  few  which  are  adapted  to  make  the 
water  their  dwelling,  being  obliged  to  come  to  the  surface  to  breathe. 
Although  they  breathe  air,  however,  their  respiration  is  not  usually  so 
enex^tic  as  that  of  fishes;  and  their  general  activity  is  much  less.  The 
heart  possesses  throe  cavities,  one  of  which  receives  the  blood  from  the 
lungs,  and  another  from  the  general  system;  the  arterial  and  venous  blood 
contained  in  these  two  auricles  respectively,  are  transmitted  to  the  third  or 
propelling  cavity,  the  ventricle,  where  they  are  mixed;  and  the  half-arte- 
rtalized  fluid  is  then  transmitted  to  the  system  at  larj^e,  a  part  being  sent  to 
the  lungs.  Thus  only  a  portion  of  the  blood  expelled  from  the  heart  is  ex- 
posed to  the  influence  of  the  air;  and  that  which  is  transmitted  to  the  body 
is  very  imperfectly  arterialized.  In  some  of  the  higher  Reptiles,  as  the 
Crocodile,  the  ventricle  is  double,  as  in  the  superior  Vertebrata;  and  the 
course  of  the  circulation  is  so  arranged,  that  pure  arterial  blood  shall  go  to 
the  head,  where  it  is  most  required,  whilst  a  mixed  fluid  is  sent  to  the  rest 
of  the  body.  This  plan  exactly  corresponds  with  the  one  which  is  adopted 
in  the  circulation  of  the  human  foetus,  from  the  time  of  the  formation  of  the 
fbor  cavities  in  its  heart,  and  of  the  permanent  system  of  vessels,  up  to  the 
period  of  birth.  The  imperfect  arterialization  of  the  blood  in  Reptiles 
causes  a  great  degree  of  general  inertness  in  their  various  functions.  Their 
motions  are  principally  confined  to  crawling  and  swimming;  their  general 
habits  are  sluggish,  and  their  sensations  are  obtuse;  and  their  nutritive 
functions  are  very  slowly  performed.  Hence  tliey  can  exist  for  a  long 
time  with  a  very  feeble  exercise  of  these  functions,  under  circumstances 
that  would  be  fatal  to  animals  in  which  they  are  performed  with  greater 
activity.  In  cold  and  temperate  climates,  they  pass  the  whole  winter  in  a 
state  of  torpidity;  and  at  other  seasons,  they  may  be  kept  during  a  long 
time  from  their  due  supplies  of  food  and  air,  without  appearing  to  sufler 
much  inconvenience. 

40.  In  regard  to  the  structure  of  their  skeleton,  and  the  external  form  of 
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the  body,  there  is  a  considerable  difTerence  among  the  several  orders  of 
Reptiles.  Thus,  Tortoises,  Lizards,  and  Serpents  differ  from  each  other 
so  widely,  that  a  common  observer  would  separate  them  completely;  and 
yet  they  not  only  agree  in  all  the  foregoing  characters,  but  pass  into  one 
another  by  links  of  transition  so  gradual,  that  it  is  even  difficult  to  classify 
them.  They  differ,  however,  more  in  the  configuration  of  the  accessory 
parts,  than  in  the  structure  of  the  essential  portion  of  the  skeleton, — the 
spinal  column.  This  is  characterized  by  the  ball-and-socket  articulation  of 
the  vertebrae,  each  vertebra  having  one  surface  convex,  and  the  other  con- 
cave,— a  structure  which  is  more  strongly  marked  in  serpents,  whose 
movements  are  performed  chiefly  by  the  flexion  of  the  spinal  column  itself, 
than  it  is  in  the  other  tribes.  The  chief  characteristic  of  the  Tortoise  tribe 
is  the  shell  or  case  in  which  the  body  is  contained.  The  upper  arch  of  this 
shell,  termed  the  carapace,  is  formed  by  a  bony  expansion  from  the  edges 
of  the  ribs,  which  is  covered  by  a  set  of  homy  plates  that  are  to  be  regarded 
(like  smaller  scales)  as  epidermic  appendages.  The  under  portion,  termed 
the  plastron,  is  composed  of  the  sternum,  which  is  in  like  manner  extended 
laterally.  In  the  land-tortoises,  this  usually  forms  a  complete  floor;  but  in 
the  aquatic  species,  a  part  is  commonly  absent,  the  interval  being  filled  up 
by  cartilage  and  membrane.  The  skeleton  of  the  Lizards  is  formed  more 
upon  the  general  plan  of  that  of  Mammalia,  but  may  be  readily  distinguished 
from  it.  The  sternum  is  usually  prolonged  over  the  front  of  the  abdomen, 
and  the  ribs  are  continued  through  a  much  larger  part  of  the  spinal  column; 
of  these  abdominal  ribs,  the  white  lines  across  the  recti  muscles  in  the 
higher  Vertebrata  arc  evidently  the  rudiments.  In  the  higher  lizards,  the 
power  of  locomotion  is  almost  entirely  delegated  to  the  extremities;  but  in 
the  less  typical  species,  the  body  and  tail  are  much  prolonged,  so  as  to 
present  a  serpentiform  aspect;  and  first  one  pair  of  feet,  and  then  the  other, 
disappear,  until  the  form  is  altogether  that  of  the  serpent.  Even  in  Ser- 
pents, however,  rudiments  of  extremities  are  frequently  to  be  found;  but 
there  mode  of  progression  is  very  different,  and  these  rudiments  are  of  no 
assistance  to  them.  The  most  remarkable  feature  in  the  serpent's  skeleton, 
besides  the  absence  of  legs,  and  the  large  number  of  ribs  and  vertebrae,  is 
the  deficiency  of  a  sternum;  through  the  absence  of  this,  the  extremities  of 
the  ribs  are  free,  and  they  become  in  fact  the  fixed  points,  on  which  the 
animal  crawls,  when  advancing  slowly  forwards. 

41.  Although  the  configuration  of  tlie  cranium  varies  much  in  the  different 
orders  of  Reptiles,  yet  there  is  a  remarkable  agreement  in  certain  general 
characters,  and  in  the  general  degree  of  development.  It  consists  of  a  much 
larger  number  of  parts  than  are  to  be  found  in  the  cranium  of  adult  Birds  or 
Mammalia,  each  principal  bone  being  subdivided,  as  it  were,  into  smaller 
ones.  This  condition  exactly  corresponds  with  that  which  may  be  observed 
during  the  process  of  ossification  in  higher  Vertebrata;  for  each  of  the  larger 
bones  of  the  cranium  is  formed  from  several  centres  of  ossification;  so  that, 
if  the  cranium  of  a  foetus  or  young  infant  be  macerated,  it  will  fall  into  a 
number  of  pieces  nearly  corresponding  with  those  of  the  reptile's  skull. 
The  different  orders  of  Reptiles  have  a  close  agreement  in  various  other 
points;  especially  in  the  degree  of  development  of  their  several  organs  of 
nutrition.  Thus  in  all  of  them,  the  lungs,  though  commonly  of  large  size, 
are  so  little  subdivided  as  really  to  expose  but  a  small  extent  of  surface. 
The  glandular  structures,  too,  are  formed  upon  a  much  more  simple  type 
than  is  characteristic  of  the  warm-blooded  Vertebrata.  They  all  a^ree, 
moreover,  in  having  the  body  covered  with  scales;  which,  though  generally 
small,  are  sometimes  large  flattened  plates. 
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42.  Between  Fishes  and  true  Reptiles,  there  is  a  group  wlych  remarkably 
combines  the  characters  of  both;  being  composed  of  animals  that  come  forth 
from  the  egg  in  the  condition  of  fishes;  but  which  afterwards  attain  a  form 
and  structure  closely  corresponding  with  that  of  true  reptiles.  This  group, 
consisting  of  the  Frog  and  its  allies,  is  sometimes  associated  as  an  order 
{Bairachid)  of  the  class  of  Reptiles;  and  is  sometimes  made  to  rank  as  a 
distinct  class,  the  Amphibia.  The  Tadpole  or  larva  of  the  frog  is  in  every 
essential  respect  a  fish.  Its  respiration  and  circulation,  its  digestion  and 
nutrition,  its  locomotion  and  sensation,  are  entirely  accordant  with  those  of 
fishes.  The  body  is  destitute  of  members  for  progression,  but  is  propelled 
through  the  water  by  the  lateral  undulations  of  the  spinal  column,  which  is 
articulated  in  the  same  manner  as  is  that  of  fishes.  At  a  certain  period,  a 
metamorphosis  commences,  in  which  almost  every  organ  in  the  body  under- 
goes an  essential  change.  Lungs  are  developed,  which  take  the  place  (in 
legard  to  their  function)  of  the  gills;  and  the  latter  are  atrophied.  The 
auricle  of  the  heart  is  divided  into  two;  and  the  circulation  is  performed  on 
the  plan  of  that  of  the  true  reptile.  Two  pairs  of  members  are  usually 
formed,  to  which,  when  they  are  fully  developed,  the  power  of  progression 
is  committed, — the  tail  disappearing;  in  some  species,  however,  the  tail 
remains,  and  the  extremities  are  small.  The  digestive  system  undergoes  a 
remarkable  alteration, — the  intestinal  canal,  which  was  previously  of  enor- 
mous length  in  proportion  to  the  body,  being  now  considerably  shortened, 
in  accordance  with  the  different  kind  of  food  on  which  the  animal  has  to 
subsist.  The  mode  of  articulation  of  the  spinal  column,  also,  undergoes  a 
change,  which  brings  it  to  the  type  of  that  of  reptiles.  On  the  whole,  there 
scarcely  appears  sufficient  reason  for  separating  these  animals,  in  their  adult 
condition,  from  the  class  of  Reptiles.  The  most  important  point  of  difilerence 
is  the  nakedness  of  the  skin,  by  which  the  Batrachia  may  be  at  once  distin- 
guished, even  when  their  external  configuration  approaches  that  of  reptiles 
in  general.  In  this  manner,  the  common  Salamander  or  Water-newt  may 
be  recognised  as  belonging  to  this  group,  though  we  should  otherwise  have 
placed  it  among  the  Lizards;  and  the  Ccecilia,  which  has  the  form  of  the 
serpent,  is  in  like  manner  known  to  be  really  allied  to  the  frog.  An  ac- 
quaintance with  the  history  of  these  animals  confirms  such  an  arrangement, 
by  showing  that  the  Salamander  and  the  Coecilia*  undergo  a  metamorphosis; 
breathing  by  gills,  and  having  the  general  structure  of  fishes,  in  the  early 
part  of  their  lives. 

43.  Besides  those  animals,  however,  which  attain  the  condition  of  perfect 
reptiles,  this  group  contains  several  whose  development  is  arrested,  as  it 
were,  in  an  intermediate  or  transition  state;  their  adult  form  presenting  a 
remarkable  mixture  of  the  characters  of  the  two  classes  which  they  thus 
connect.  This  is  the  case  in  the  Proteus^  Siren^  and  other  less  known 
animals,  which  retain  their  gills  through  the  whole  of  their  lives,  whilst 
their  lungs  are  at  the  same  time  developed;  so  that,  as  they  can  respire  either 
air  or  water,  they  are  the  only  true  amphibious  animals.  In  their  entire 
oi^nization,  they  correspond  with  the  tadpole  of  the  frog  at  an  advanced 
period  of  its  metamorphosis;  and  it  is  a  most  interesting  fact  (which  has 
been  established  by  the  experiments  of  Dr.  W.  F.  Edwards)  that,  if  tadpoles 
be  kept  in  such  a  manner  as  to  be  freely  supplied  with  food  and  exposed  to 
a  constantly-renewed  current  of  water,  but  be  secluded  from  light  and  from 
the  direct  iufiuence  of  the  solar  heat,  they  will  continue  to  grow  as  tadpoles; 

•  This  fact,  in  regard  to  tKe  Ccccilia^  has  only  been  receDily  substantiated.  See 
Annals  of  Natural  History,  May  1841. 
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their  metamorphosis  heing  checked.  The  metamorphosis  of  the  Batrachia 
closely  corresponds  with  that  of  Insects;  the  young  animal,  in  each  case,  at 
the  time  of  its  emersion  from  the  egg^  having  a  resemblance  in  all  essential 
particulars  to  a  class  below  that  to  which  it  is  ultimately  to  belong.  This 
kind  of  metamorphosis  is  by  no  means  confined  to  them,  however;  for  the 
gradual  extension  of  our  knowledge  of  the  early  history  of  different  tribes 
of  animals,  is  constantly  bringing  to  light  new  facts  of  the  same  kind.  The 
Polypes  and  lower  Mollusca,  for  instance,  come  forth  from  the  egg,  and 
swim  about  for  some  time,  in  a  condition  which  can  scarcely  be  termed 
animal;  for  there  is  not  even  a  mouth  leading  to  a  digestive  cavity,  nor  are 
there  any  other  organs  of  locomotion  than  the  cilia,  the  action  of  which  is 
involuntary.  And,  in  tracing  the  development  of  the  human  embryo,  we 
shall  find  that  it  undergoes  a  series  of  progressive  changes  equally  remark- 
able;— the  principal  difference  being,  that  these  changes  are  not  so  arranged 
in  harmony  with  each  other,  as  to  cause  the  embryo  to  present  at  any  one 
time  the  combination  of  characters  which  belong  to  the  Fish,  Reptile,  &c., 
or  to  enable  it  to  sustain  an  independent  existence. 

General  characters  of  Birds, 

44.  From  Reptiles  to  biros  the  transition  would  seem  rather  abrupt,  since 
the  latter  class  is,  in  almost  every  respect,  the  opposite  of  the  former. 
Nevertheless  it  would  seem  to  have  been  effected  by  the  now  extinct 
Pterodactylus,  which  combined  in  a  most  remarkable  degree  the  characters 
of  the  two  groups.  Birds  are,  like  fishes  and  reptiles,  oviparous  Verte- 
brata;  but  they  differ  essentially  from  both,  in  being  themselves  warm- 
blooded, and  in  the  assistance  which  they  afford  by  their  own  heat  in  the 
development  of  the  ovum.  Birds  correspond  with  Mammalia  in  possessing 
a  heart  with  four  cavities,  and  a  complete  double  circulation;  by  which  the 
whole  of  the  blood  that  has  circulated  through  the  body  is  exposed  to  the 
influence  of  the  air,  before  being  again  transmitted  to  the  system.  This 
high  amount  of  oxygenation  of  the  blood  is  accompanied  by  great  activity 
and  energy  of  all  the  organic  functions,  acuteness  of  the  senses,  and  rapid 
and  powerful  locomotion;  as  well  as  by  the  evolution  of  a  degree  of  heat, 
superior  to  that  which  we  ordinarily  meet  with  among  the  Mammalia.  The 
temperature  of  birds  ranges  from  about  140°  to  112°.  The  lowest  is  in  the 
aquatic  species,  whose  genera]  activity  is  much  less  than  that  of  the  tribes 
which  spend  most  of  their  time  in  the  air;  the  highest  is  among  those  dis- 
tinguished for  the  rapidity  and  energy  of  their  flight,  such  as  the  Swallow. 

45.  Birds  have  been  denominated,  and  not  inappropriately,  the  Insects  of 
the  vertebrated  series.  As  in  the  animals  of  that  class,  we  find  the  whole 
structure  peculiarly  adapted  to  motion,  not  in  water,  nor  supported  by  solid 
ground,  but  in  the  elastic  and  yielding  air.  It  is  impossible  to  conceive  any 
more  beautiful  series  of  adaptations  of  structure  to  conditions  of  existence, 
than  that  which  is  exhibited  in  the  conformation  of  the  Bird,  with  reference 
to  its  intended  mode  of  life.  In  order  to  adapt  the  vertebrated  animal  to  its 
aerial  residence,  its  body  must  be  rendered  of  as  low  specific  gravity  as 
possible.  It  is  further  necessary  that  the  surface  should  be  capable  of  being 
greatly  extended;  and  this  by  some  kind  of  appendage  that  should  be  ex- 
tremely light,  and  at  the  same  time  possessed  of  considerable  resistance. 
The  degree  of  muscular  power  required  for  support  and  propulsion  in  the 
air  involves  the  necessity  of  a  very  high  amount  of  respiration,  for  which  it 
has  been  seen  that  an  express  provision  exists  in  Insects;  and  as  the  general 
activity  of  the  vital  processes  depends  greatly  upon  the  high  temperature 
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which  this  energetic  respiration  keeps  up,  a  provision  is  required  for  keep- 
ing in  this  heat,  and  not  allowing  it  to  be  carried  away  by  the  atmosphere 
through  which  the  bird  is  rapidly  flying. 

46.  The  first  and  third  of  these  objects, — the  lightening  of  the  body,  and 
the  extension  of  the  respirator}'  surface, — are  beautifully  fulfiUed  in  a  mode, 
which  will  he  found  to  correspond  with  the  plan  adopted  for  the  same 
purpose  in  insects.  I'he  air  which  enters  the  body  is  not  restricted  to  a 
single  pair  of  air-sacs  or  lungs  placed  near  the  throat,  but  is  transmitted  from 
the  true  lungs  to  a  series  of  large  air-cells  disposed  in  the  abdomen  and  in 
Tarious  other  parts  of  the  body.  Even  the  interior  of  the  bones  is  made 
subservient  to  the  same  purpose,  being  hollow  and  lined  with  a  delicate 
membrane,  over  which  the  blood-vessels  are  minutely  distributed.  In  this 
manner,  the  respiratory  surface  is  greatly  extended;  whilst,  by  the  large 
quantity  of  air  introduced  into  the  mass,  its  specific  gravity  is  diminished. 
The  subservience  of  the  cavities  in  the  bones  to  the  respiratory  function,  is 
curiously  shown  by  the  fact,  which  has  been  ascertained  both  accidentally 
and  by  a  designed  experiment,  that,  if  the  trachea  of  a  bird  bo  tied,  and  an 
aperture  be  made  in  one  of  the  long  bones,  it  will  respire  through  this. 

47.  The  other  two  objects, — the  extension  of  the  surface,  and  the 
retention  of  the  heat  within  the  body, — are  also  accomplished  in  combina- 
tion, by  a  most  beautiful  and  refined  contrivance,  the  covering  of  feathers. 
Like  hair  or  scales,  feathers  are  to  be  regarded  as  appendages  to  the  cutis; 
the  stem  is  formed  from  it  by  an  apparatus,  which  may  be  likened  to  a  hair- 
boib  on  a  very  large  scale;  but  there  are  some  additional  parts  for  the 
production  of  the  laminae,  which  form  the  vane  of  the  feather,  and  which  are 
joined  to  the  stem  during  its  development.  These  laminae,  when  perfectly 
formed,  are  connected  by  minute  barbs  at  their  edges,  which  hook  into  one 
mother,  and  thus  give  the  necessary  means  of  resistance  to  the  air.  The 
substance  of  which  feathers  consist  is  a  very  bad  conductor  of  heat;  and 
when  they  are  lying  one  over  the  other,  small  quantities  of  air  are  included, 
which  still  further  obstruct  its  transmission  by  their  non-conducting  power. 
Thus  the  two  chief  objects  arc  fulfilled; — power  of  resistance  and  slow  con- 
ducting properties  being  obtained  in  combination  with  lightness  and  elas- 
ticitv.  At  the  two  extremes  of  the  class,  however,  we  meet  with  remarkable 
modifications  in  the  typical  structure  of  feathers.  In  the  Penguin,  those 
which  cover  the  surface  of  the  wings  have  a  strong  resemblance  to  scales; 
and  the  wings  are  not  employed  to  raise  this  bird  in  the  air,  but  only  to 
propel  it  (as  fins  would  do)  by  their  action  on  the  water.  On  the  other 
hand,  in  the  Ostrich  tribe,  the  lamina;  of  the  feather  are  quite  distinct  from 
each  other;  and  no  longer  form  a  continuous  surface;  so  that  the  feathers 
more  resemble  branching  hairs.  Here  the  wings  are  almost  or  completely 
absent,  the  birds  of  this  iribe  being  constantly  upon  the  ground,  propelling 
themselves  by  running,  and  approaching  the  Mammalia  in  many  points  of 
their  conformation. 

48.  The  bony  framework  of  Birds  presents  many  remarkable  adaptations 
to  the  same  purposes.  In  the  first  place  it  is  to  be  remarked,  that  the 
Acuity  of  locomotion  is  here  entirely  delegated  to  the  extremities,  and  that 
the  skeleton  of  the  trunk  must  be  consolidated  in  proportion  to  the  power 
with  which  they  are  to  be  endowed,  in  order  to  afford  their  muscles  a  firm 
attachment.  Just  as  the  segments  of  the  external  skeleton  of  the  Articulata, 
therefore,  are  consolidated  in  Insects,  do  we  find  that  the  vertebral  column 
and  its  appendages  are  firmly  knit  together  in  the  upper  part  of  the  trunk 
of  Birds.  The  vertebra;  are  closely  united  to  each  other;  and  the  ribs  are 
united  to  the  sternum  by  bony  prolongations  of  the  latter,  instead  of  by  car- 
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tilages.  This  union  is  so  arranged,  that  the  state  of  expansion  is  natural 
to  the  thorax,  whilst  that  of  contraction  is  forced.  Reptiles  possess  but  a 
very  imperfect  mechanism  for  inflating  their  lungs.  Being  destitute  of  a 
diaphragm,  they  are  obliged  to  force  air  into  the  chest  by  a  process  resem- 
bling deglutition;  so  that,  strange  as  it  may  appear,  a  reptile  may  be  suffo- 
cated by  holding  its  mouth  open.  The  diaphragm  is  absent  among  birds, 
as  among  reptiles;  except  in  a  few  species  which  most  nearly  approach  the 
Mammalia.  But  its  deficiency  is  compensated  by  this  contrivance,  which 
keeps  the  lungs  and  air-sacs  always  full  except  when  the  bird,  by  a  mus- 
cular effort,  expels  the  air  from  them,  in  order  that  they  may  be  re-filled  by 
a  fresh  supply.  By  this  means,  also,  the  specific  gravity  of  the  body  is 
more  constantly  diminished,  than  it  could  be  if  the  lungs  had  been  subjected 
to  the  constantly  alternating  contractions  and  expansions  which  they  per- 
form in  Mammalia.  It  is  worthy  of  remark,  that  the  air  which  enters  the 
bones  and  the  air-sacs,  passes  through  the  lungs,  both  on  its  entrance  and 
return,  so  as  to  yield  to  their  capillaries  all  the  oxygen  they  can  take  from 
it,  of  which  the  blood  that  it  has  elsewhere  met  with  has  not  deprived  it. 
It  is  only  in  the  lungs  that  it  meets  with  purely  venous  blood;  for  they 
alone  receive  the  branches  of  the  pulmonary  artery;  the  vessels  which  are 
distributed  upon  the  respiratory  surface  of  the  air-sacs  and  bones  being  a 
part  of  the  systemic  circulating  apparatus.  Hence  we  may  regard  this 
curious  provision  as  being  partly  designed  for  the  aeration  of  the  blood 
in  its  course  through  the  system  (this,  it  will  be  remembered,  is  the  sole 
mode  in  which  the  function  is  performed  in  insects);  and  partly  for  sup- 
plying the  lungs  with  air  as  from  a  reservoir,  during  the  violent  actions  of 
flight. 

49.  The  articulation  of  the  anterior  extremity  with  the  trunk  exhibits  a 
peculiar  provision  for  strength  and  power,  which  we  find  in  no  other  Verte- 
brata.  The  two  clavicles  are  united  together  on  the  central  line,  forming 
the  furcula  or  merry-thought;  and  the  use  of  this  is  to  keep  the  shoulders 
apart,  notwithstanding  the  opposing  force  exerted  by  the  pectoral  muscles 
in  the  action  of  flight.  It  is  generally  firm,  and  its  angle  open,  in  propor- 
tion to  the  power  of  the  wings.  Besides  this  bone,  there  is  another  con- 
necting the  sternum  with  the  scapula  on  each  side;  this  is  the  coracote/ bone, 
which  in  Man  and  other  Mammalia  is  scarcely  developed,  being  merely  a 
short  process  which  does  not  reach  the  sternum.  The  sternum  of  birds 
usually  exhibits  a  very  remarkable  development  on  the  median  line;  an 
elevated  keel  or  ridge  being  seen  on  it,  which  serves  for  the  attachment  of 
the  powerful  muscles  that  depress  the  wings.  In  the  great  development  of 
the  sternum,  birds  have  some  analogy  with  the.Turtle  tribe  (which  they  also 
resemble  in  the  deficiency  of  teeth,  and  in  the  development  of  a  horny 
covering  to  the  jaws);  but  in  these,  the  lateral  elements  of  the  sternum  are 
the  parts  most  developed,  whilst  in  birds  it  is  the  central  portion  which 
exhibits  the  peculiarity.  From  the  depth  of  the  keel  of  the  sternum,  a 
judgment  may  be  formed  of  the  thickness  of  the  pectoral  muscles,  and 
thence  of  the  powers  of  flight;  in  the  Ostrich  tribe,  where  the  wings  are  not 
sufficiently  developed  to  raise  the  bird  off  the  ground,  the  sternum  is  quite 
flat,  as  in  the  Mammalia.  The  want  of  flexibility  in  the  trunk  is  counter- 
balanced by  the  length  and  flexibility  of  the  neck;  the  number  of  cervical 
vertebrae  is  very  considerable,  varying  from  12  to  23, — the  highest  number 
being  present  in  the  Swan  tribe.  They  are  so  articulated,  that  the  head  can 
be  turned  completely  round,  or  moved  in  any  direction.  The  anterior  ex- 
tremities of  birds  being  solely  adapted  to  sustain  them  in  flight,  the  poste- 
rior are  necessarily  modified  for  Uieir  support  on  the  ground.     They  are 
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usually  placed  rather  far  back;  but  the  spine  has  a  position  more  inclined 
than  horizontal,  so  that  the  weight  may  not  be  altogether  thrown  forwards. 
The  trunk  is  supported  on  the  thighs  by  powerful  muscles;  and  there  is 
another  series  which  passes  from  the  lower  part  of  the  spine  continuously 
to  the  toes,  turning  over  the  knee  and  heel,  in  such  a  manner  that  the  flexion 
of  these  joints  shall  tighten  the  tendons;  by  this  contrivance,  the  simple 
weight  of  the  body  flexes  the  toes,  and  birds  are  thus  enabled  to  maintain 
their  position  during  sleep,  without  any  active  muscular  effort. 

50.  Not  only  do  birds  resemble  insects  in  their  general  structure  and 
node  of  life,  but  also  in  the  peculiar  development  of  the  instinctive  powers. 
Under  the  direction  of  these,  the  place  for  their  nests  appears  to  be  selected; 
their  materials  collected;  the  nests  themselves  built,  and  the  young  reared  in 
them;  the  migrations  are  performed;  and  many  curious  stratagems  are  em- 
ployed to  obtain  food.  It  is  sufficient  to  indicate  these  in  general  terms; 
since  it  is  well  known  that  the  habits  of  birds  have  peculiarities  restricted 
to  each  species,  and  that  in  all  the  individuals  of  each  species  they  are  as 
precisely  alike  as  their  circumstances  will  admit.  Nevertheless,  there  is 
observed  in  birds  a  degree  and  kind  of  adaptation  to  varying  conditions, 
which  insects  do  not  possess,  and  which  display  an  amount  of  intelligence 
fu  superior  to  what  is  found  in  that  class,  'i'his  is  evinced  also  in  their 
tiueability;  for  no  animal  can  be  taught  to  perform  actions  which  are  not 
natural  to  it,  unless  it  possesses  in  a  considerable  degree  the  powers  of 
memory  and  association  at  least,  if  not  some  of  the  higher  mental  faculties, 
lach  as  the  power  of  perceiving  and  comparing  the  relations  of  ideas. 
Moreover,  in  the  domesticability  of  many  tribes  of  birds,  we  see  this  edu- 
eability  combined  with  a  degree  of  that  higher  form  of  attachment  to  man, 
which  is  so  strikingly  exhibited  by  certain  species  of  Mammalia.  The  de- 
velopment of  the  senses  of  birds  varies  in  different  tribes,  according  to  the 
mode  in  which  they  are  adapted  to  obtain  their  prey.  The  sight  is  almost 
always  extremely  acute,  and  is  their  chief  means  of  seeking  food;  and 
where  this  would  be  of  comparatively  little  service,  as  in  the  nocturnal 
rapacious  birds,  it  is  compensated  by  a  much  higher  development  of  the 
faculty  of  hearing,  than  is  usual  amongst  other  tribes.  The  senses  of  smell, 
taste,  and  touch,  do  not  seem  to  be  usually  very  acute  in  birds;  but  there 
are  particular  tribes  in  which  each  of  these  is  more  developed  than  in  the 
rest 

51.  As  might  be  expected  from  their  analogy  with  insects,  the  develop- 
ment of  the  organs  of  nutrition  (excepting  that  of  the  respiratory  organs) 
is  much  less  striking  in  birds,  than  is  that  of  the  locomotive  apparatus. 
The  whole  cavity  of  the  trunk,  especially  in  birds  distinguished  for  their 
powers  of  flight,  is  small  in  comparison  with  that  of  the  body;  but  what 
is  wanting  in  the  size  of  the  organs,  is  made  up  in  their  energy  of  function. 
Hence  the  demand  for  food  is  more  active  in  them,  than  in  any  other  class 
of  animals.  It  is  interesting  to  observe,  that  there  is  more  bi-lateral  sym- 
metry in  the  arrangement  of  the  viscera,  than  we  usually  find  in  the  higher 
Vertebrata.  This  is  evidently  connected  with  their  active  locomotive  powers; 
IS  it  is  obviously  necessary,  that  the  two  sides  of  the  body  should  be 
balanced  with  perfect  equality,  and  that  their  energy  should  be  exactly 
correspondent.  The  lungs  and  air-sacs  are  precisely  similar  in  size  and 
situation  on  the  two  sides;  consequently  the  heart  is  placed  on  the  median 
line;  and  the  mode  of  origin,  from  the  aorta,  of  the  trunks  supplying  the 
head  and  upper  extremities,  is  alike  on  the  two  sides.  The  liver,  also,  is 
less  asymmetrical  than  we  usually  find  it  in  the  Mammalia. 

52.  It  has  been  remarked,  that  the  assistance  afforded  by  the  parent,  in 
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the  development  of  the  young,  is  j^reater  in  birds  than  in  the  lower  Verte- 
brata,  whilst  it  is  less  than  in  Mammalia.  Whilst  reptiles  and  fishes 
show  little  or  no  concern  for  their  eggs  after  they  have  deposited  them, 
birds  sedulously  tend  them,  affording  them  not  only  protection  but  warmth, 
by  means  of  their  powerful  heat-producing  apparatus.  The  yolk-bag  of 
the  bird's  egg  is  so  suspended  in  the  midst  of  the  white  albumen,  that, 
when  the  egg  is  laid  upon  its  side,  it  will  always  rise  to  the  highest  part 
of  it;  and  the  relative  weight  of  the  several  parts  is  further  adjusted  in 
such  a  manner,  that  the  cicatricula  or  germ-spot  shall  always  be  at  the 
point  nearest  the  shell,  so  as  to  come  into  the  closest  proximity  with  the 
source  of  heat,  and  also  to  be  in  the  most  immediate  relation  with  the  sur- 
rounding air.  There  are  some  birds,  inhabiting  the  equatorial  regions, 
which  do  not  always  incubate  their  eggs,  trusting  to  the  solar  heat  for  their 
maturation.  It  is  said  that  the  Ostriches  of  the  intertropical  deserts  are 
content  with  covering  their  eggs  with  a  thin  layer  of  sand,  so  as  to  admit 
the  action  of  the  sun  by  day,  and  to  keep  them  warm  at  night;  but  that 
those  living  under  a  less  constantly  elevated  temperature,  sit  upon  their 
eggs, — if  not  continually,  at  any  rate  when  the  solar  heat  is  not  sufficient. 
This  statement  has  been  disputed;  but  its  truth  seems  to  be  confirmed  by 
a  curious  observation  made  by  Mr.  Knight,  that  a  Fly-catcher,  which  built 
for  several  years  in  one  of  his  hot-houses,  sat  upon  its  eggs  when  the  tem- 
perature was  below  72°,  but  left  them  when  it  rose  above  that  standard. 
The  degree  of  assistance  afl^orded  by  the  parent  birds  to  their  young,  after 
their  emersion  from  the  shell,  varies  much  in  different  tribes;  in  general 
it  may  be  remarked,  however,  that  it  is  most  prolonged  in  those  which 
ultimately  attain  the  highest  development,  and  especially  in  those  whose 
intelligence  is  the  greatest.  Thus  the  chicken  and  the  duckling,  when  just 
hatched,  are  able  to  shift  for  themselves;  but  among  the  Raptorial  and  Inses- 
sorial  birds,  which  rank  far  higher  in  the  scale,  the  young  is  for  a  long 
time  dependent  upon  the  parent  for  food;  and  in  the  Parrot  tribe,  which 
unquestionably  surpasses  all  others  in  intelligence,  the  parent  not  only 
supplies  its  young  with  food  which  it  has  obtained  for  them,  but  partly 
nourishes  them  by  a  milky  secretion  from  the  interior  of  the  craw,  impreg- 
nating with  this  the  aliment  that  it  swallows,  and  afterwards  disgorges  for 
its  offspring. 

General  characters  of  Mammalia, 

53.  The  MAMMALIA  are  universally  regarded  as  the  highest  group  in  the 
Animal  kingdom;  not  only  from  being  the  one  to  which  Man  belongs  (so 
far,  at  least,  as  his  bodily  structure  is  concerned),  but  also  as  possessing 
the  most  complex  organization,  adapted  to  perform  the  greatest  number 
and  variety  of  actions,  and  to  execute  these  with  the  greatest  intelligence. 
The  contrast  is  here  extremely  strong  between  the  reasoning  and  the 
instinctive  powers,  even  when  we  put  Man  out  of  view.  When  we  com- 
pare, for  example,  the  sagacity  of  a  Dog,  Monkey,  or  Elephant,  and  the 
great  variety  of  circumstances  in  which  they  will  display  an  intelligent 
adaptation  of  means  to  ends,  with  the  limited  operations  of  the  insect,  over 
which  the  judgment  and  will  seem  to  have  no  control,  we  cannot  help  being 
struck  with  the  difference.  The  former  are  educable  in  the  highest  degree 
next  to  Man;  the  latter  could  not  be  made  to  change  its  habits,  in  any  essen- 
tial degree,  by  the  most  prolonged  course  of  discipline;  still  the  difference 
in  this  respect  between  Man  and  the  most  intelligent  of  other  Mammalia 
is  so  strongly  marked,  that  some  naturalists  have  proposed  to  exclude  him 


GENERAL  CHARACTERS  OF  MAMMALIA.  57 

alcogellier  from  the  classification  of  this  group,  and  even  from  the  Animal 
kiDgtlom.  This  is,  however,  by  no  means  a  philosophical  plan;  since  the 
mind  of  Man  is,  in  the  present  state  of  being,  as  closely  connected  with  its 
naterial  tenement,  as  we  have  any  reason  to  believe  that  of  brutes  to  be; 
and  since  there  is  no  difference  of  kind  between  their  faculties,  that  we 
bare  a  right  to  assume  as  characteristic, — the  difference  being  chiefly  in 
degree.  Man  is  like  them  actuated  by  instinctive  propensities,  which  have 
an  immediate  bearing  on  his  corporeal  wants;  and  they  have,  like  him, 
the  power  of  adapting  their  actions  to  gain  certain  ends,  of  which  they  are 
conscioDfl.  A  dog  or  an  elephant  may  show  more  real  wisdom,  in  con- 
trolling for  a  time  its  instinctive  propensities,  from  the  desire  to  accomplish 
some  particular  object,  than  is  displayed  by  many  men,  who  give  free  scope 
lo  the  exercise  of  their  sensual  passions,  although  warned  by  reason  of 
their  injurious  consequences. 

54.  This  high  development  of  the  intelligence  in  Mammalia  is  evidently 
connected  with  the  greatly-prolonged  connection  between  the  parent  and 
the  offspring,  which  we  find  characteristic  of  this  class.  Mammalia  are, 
like  Birds,  warm-blooded  Vertebrata,  possessing  a  complete  double  circula- 
tion; and  some  of  them  are  adapted  to  lead  the  life  of  birds,  passing  a  large 
pari  of  their  time  in  darting  through  the  air  on  wings,  in  pursuit  of  insect 
prey.  But  they  differ  from  Birds  in  this  essential  particular,  that  they  arc 
not  oviparous,  but  viviparous,  producing  their  young  alive, — that  is,  in  a 
condition  in  which  they  can  perform  spontaneous  movements,  and  can  ap- 
propriate nourishment  supplied  to  them  from  without.  But  they  are  not 
distinguished  from  all  other  animals  by  this  character  alone;  for  there  are 
tome  species  among  Reptiles,  Fishes,  and  even  Insects,  which  produce  their 
young  alive, — the  egg  being  retained  within  the  oviduct  and  hatched  there. 
The  real  distinction  is  that  which  the  name  of  the  class  imports, — that  the 
young  are  subsequently  nourished  by  suckling.  There  is  another  distinc- 
tion, which  is  not,  however,  equally  applicable  to  the  whole  class.  In  all, 
the  yolk-bag  is  very  small  in  proportion  to  its  size  in  birds;  and  the  contents 
of  the  ovum,  instead  of  furnishing  (as  in  that  class)  the  mateiials  necessary 
for  the  development  of  the  young  animal,  up  to  the  time  when  it  can  ingest 
food  for  itself,  only  serve  for  the  earliest  set  of  changes  in  which  this  pro- 
cess consists.  In  all  the  later  stages  of  the  evolution  of  the  embryo,  it  is 
supplied  with  nutriment  directly  imbibed  from  its  parent.  This  is  at  first 
accumplished  by  means  of  a  series  of  root-like  tufts,  which  are  prolonged 
from  the  surface  of  the  ovum,  and  insinuate  themselves  among  the  maternal 
vessels,  without,  however,  uniting  with  them.  These  tufts  absorb  from  the 
maternal  fluid  the  ingredients  necessary  for  the  support  of  the  embryo,  and 
also  convey  back  to  the  parent  its  effete  particles,  which  are  received  back 
into  her  blood  and  cast  out  of  her  system  by  the  processes  of  secretion,  res- 
piration, &^c, 

55.  The  Mammalia  may  be  divided  into  two  sub-classes;  in  one  of  which 
the  structure  just  described  is  the  greatest  advance  ever  made,  in  the  appa- 
ratus by  which  the  fcetus  is  nourished;  whilst  in  the  other,  a  more  concen- 
trated form  is  subsequently  assumed  by  it.  The  ovum  of  the  latter  is  delayed 
for  a  longer  period,  in  a  cavity  formed  by  the  union  of  the  two  oviducts, 
termed  the  uterus;  which  can  be  scarcely  said  to  be  developed  in  the  Marsu- 
pialia  and  Monotremata,  the  two  orders  constituting  the  first  sub-class.  The 
vascular  tufts  proceeding  from  the  chorion  become  especially  developed  at 
one  point,  and  the  vessels  of  the  uterus  are  extremely  enlarged  in  a  corre- 
sponding situation;  the  tufts  dip  down,  as  it  were,  into  a  chamber  formed  by 
an  extension  of  the  inner  lining  of  these  vessels,  and  serve  the  combined 
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purpose  of  the  roots  of  plants  and  of  ihebranchia;  of  aquatic  animals, — absorb- 
ing from  the  maternal  blood  tiie  materials  required  for  the  nourishment  of  the 
embryo,  and  aerating  that  of  the  foetus  by  exposing  it  to  the  influence  of  the 
parents.  The  peculiar  organ  thus  formed  is  termed  the  placenta;  and  the 
two  sub-classes  of  the  Mammalia  have  thence  received  the  appellations  of/)/«- 
cental  and  non-placentaf.  The  animals  belonging  to  the  latter  present  many 
points  of  affinity  to  Birds,  in  the  structure  of  their  internal  organs.  That  of  the 
brain  is  very  nearly  allied  in  these  two  groups;  and  their  amount  of  intelli- 
gence seems,  as  far  can  be  determined,  to  bear  a  close  correspondence.  The 
Ornithorhyncus  in  particular,  has  so  many  marks  of  alliance  to  Birds,  in  its 
osteology,  as  well  as  in  its  horny  bill,  and  in  the  spur  on  its  hind  legs  (which 
resembles  that  of  the  Cock),  that  naturalists  have  much  debated  whether  it 
could  be  really  termed  a  mammiferous  animal.  '  No  positive  evidence  has 
yet  been  obtained  that  its  young  are  born  alive;  but  on  the  other  hand,  there 
is  strong  reason  to  believe  that  they  come  into  the  world  unenclosed  in  the 
ovum,  although  in  a  very  imperfect  condition.  Moreover,  it  has  been  satis- 
factorily ascertained  that  the  young  are  nourished,  for  some  time  after  their 
birth,  by  a  mammary  secretion,  which  the  organization  of  their  mouth  at  that 
period  enables  them  to  obtain  from  tlie  parent.  In  the  Marsupialia,  there  is 
a  remarkable  compensation  for  the  abrupt  termination  of  the  period  of  uterine 
gestation, — the  young  being  received  into  a  pouch  or  marsupium,  within 
which  the  nipple  is  situated;  this  is  extremely  prolonged,  and  the  mouth  of 
the  foetus  (for  so  it  must  still  be  considered)  is  adapted  to  receive  and  hold 
on  by  it;  so  that  the  little  creature,  which  looks  more  like  an  earth-worm 
than  a  mammiferous  animal,  is  thus  suspended  within  the  protective  pouch, 
until  its  development  is  so  far  advanced,  that  it  can  shift  for  itself  in  the 
same  degree  as  other  new-born  animals  can  do. 

56.  The  period  of  gestation  in  the  higher  class  of  Mammalia,  is  usually 
prolonged  until  the  foetus  is  able,  on  its  entrance  into  the  world,  to  execute 
regular  movements,  some  merely  indicative  of  its  desire  for  food,  and  others 
which  are  evidently  designed  for  the  acquirement  of  it.  In  many  species, 
the  young  animal  seems  to  be  from  the  first  in  the  full  possession  of  its 
senses,  and  has  considerable  power  of  active  locomotion;  in  general,  how- 
ever, it  is  very  dependent  upon  its  parent,  only  being  able  to  obtain  food 
when  this  is  placed  within  its  immediate  grasp.  Such  is  the  case  with  the 
Human  infant,  which  is  dependent,  more  or  less  closely,  upon  its  parent, 
during  a  larger  proportion  of  its  existence  than  is  the  young  of  any  other 
animal.  Here  again,  therefore,  we  perceive  the  application  of  the  general 
law,  that,  the  higher  the  grade  of  development  a  being  is  ultimately  to  as- 
sume, the  more  does  it  require  to  be  assisted  during  the  early  stages  of  de- 
velopment. In  the  case  of  Man,  the  prolongation  of  this  period  has  a  most 
important  and  evident  influence  upon  the  social  condition  of  the  race;  being, 
in  fact,  one  of  the  chief  means  by  which  the  solitary  are  bound  together  in 
families. 

57.  The  class  Mammalia,  taken  as  a  whole,  is  not  characterized  so  much 
by  the  possession  of  any  one  particular  faculty, — like  that  which  has  been 
seen  in  Birds, — as  by  the  perfect  combination  of  the  different  powers, 
which  renders  the  animals  belonging  to  it  susceptible  of  a  much  greater 
variety  of  actions  than  any  others  can  perform.  There  are  none  which 
can  rival  Birds  in  rapidity  of  locomotion;  but  there  are  few  that  cannot 
perform  several  different  kinds  of  progression.  There  are  none  that  can 
compete  with  Birds  in  power  of  sight;  but  there  are  few  that  do  not  possess 
the  senses  of  smell,  taste,  and  touch,  in  a  more  elevated  degree.  Several 
of  these  movements  require  a  considerable  amount  of  flexibility  in  the  spine; 
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bence  the  vertebral  column  and  the  bony  framework  of  the  trunk  are  never 
so  much  consolidated  as  they  are  in  Birds.  On  the  other  hand,  the  neck 
is  much  less  moveable;  it  never  consists  of  more  than  seven  vertebrs,  and 
these  are  always  present,  so  that  they  are  sometimes  of  great  length,  as  in 
ihe  Girafiey  and  sometimes  extremely  short,  as  in  the  Whale,  which  seems 
to  have  no  neck  at  all.  In  the  greatest  number  of  Mammalia,  the  body  is 
supported  upon  all  the  four  extremities,  as  in  Reptiles,  being  adapted  for 
progression  along  the  surface  of  the  earth.  There  are  some  species,  how- 
ever, in  which  the  typical  structure  has  undergone  a  metamorphosis,  by 
which  it  is  made  to  resemble  that  of  a  Bird;  whilst  in  others  it  is  modified 
so  as  to  conform  to  the  character  of  tlie  Fish.  In  the  Bats,  the  power  of 
motion  is  almost  entirely  delegated  to  the  wings,  which  are  composed  of 
skin  stretched  over  a  framework  formed  of  the  widely-extended  hand.  The 
sternum  has  a  projecting  keel  for  the  attachment  of  the  pectoral  muscles,  as 
in  Birds.  And  in  the  Whale  tribe,  the  power  of  locomotion  is  almost  com- 
pletely taken  from  the  extremities  and  given  back  to  the  trunk,  as  in  Fishes; 
for  the  posterior  extremities  arc  entirely  absent,  and  the  anterior  serve  only 
for  guidance:  there  is  this  important  diflference,  however,  that  the  tail,  which 
is  flattened  vertically  in  Fishes,  is  flattened  horizontally  in  the  Cetacea, 
which  require  the  power  of  frequently  coming  to  the  surface  to  breathe. 

58.  The  inferior  energy  of  muscular  movement  in  the  Mammalia  is 
seeompanied  by  an  inferior  amount  of  respiration:  the  type  of  the  respiratory 
apparatus,  however,  is  higher  than  in  Birds,  a  large  extent  of  surface  being 
comprised  within  a  smaller  space.  The  lungs  are  confined  to  the  cavity 
of  the  thorax;  and  there  is  a  provision  for  the  regular  renewal  of  the  air 
received  into  them,  by  the  action  of  the  diaphragm,  which  here  completely 
separates  that  cavity  from  the  abdomen.  The  diminished  amount  of  res- 
piration, again,  involves  the  production  of  a  lower  degree  of  animal  heat;  so 
that  the  temperature  of  this  class  seldom  rises  above  104°.  There  is  there- 
fore less  need  of  means  of  effectually  confining  the  caloric, — especially,  too, 
as  their  greater  size  causes  their  radiating  surface  to  be  much  less  in  pro- 
portion than  that  of  Birds;  and  accordingly  we  find  them  provided  only 
with  a  covering  of  hair  or  fur,  which  is  much  less  warm  than  that  of  feathers, 
and  which  is  thin  and  scanty  in  those  which  inhabit  tropical  climates.  The 
chief  exception  to  the  last  rule  is  in  the  case  of  the  Sloths  and  of  some 
Monkeys,  which  inhabit  situations  exposed  to  the  most  powerful  rays  of 
the  sun,  and  which  are  covered  with  a  long  but  thin  and  coarse  hair,  the 
purpose  of  which  is  evidently  the  protection  of  their  skin  from  the  external 
heat.  The  inferior  energy  of  the  respiration  and  circulation  involve  a 
diminished  activity  of  the  other  functions  of  nutrition,  as  compared  with 
those  of  Birds;  and  the  demand  for  food  appears  to  be  somewhat  less  con- 
stant Their  various  organs,  however,  are  developed  upon  a  higher  plan, 
as  we  have  already  observed  in  regard  to  those  of  respiration. 

Chief  Subdivisions  of  Mammalia. 

59.  In  subdividing  the  truly  Viviparous  division  of  the  class,  so  as  to 
separate  Man  from  the  tribes  with  which  he  is  associated  in  it,  we  may  be 
advantageously  guided  in  the  first  place  by  the  conformation  of  the  extremi- 
ties; since  upon  the  perfection  of  the  organs  of  touch  will  depend  much  of 
the  address  of  an  animal,  in  executing  the  actions  to  which  it  is  prompted 
by  its  intelligence.  The  degree  of  this  perfection  is  estimated  by  the  num- 
ber and  mobility  of  the  fingers,  and  the  degree  in  which  their  extremities 
are  enveloped  by  the  nail,  claw,  or  hoof  that  terminates  them.     When  the 
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fingers  are  partly  absent,  or  are  consolidated  together,  and  a  hoof  envelopes 
all  that  portion  which  touches  the  ground,  it  is  obvious  that  the  sensibility 
must  be  blunted,  whilst  at  the  same  time  the  extremity  becomes  incapable 
of  prehension.  The  opposite  extreme  is  where  a  thin  nail  covers  only  one 
side  of  the  extremity  of  the  finger,  leaving  the  other  possessed  of  all  its 
delicacy; — where  several  such  fingers  exist,  of  which  one  can  be  opposed 
to  the  rest,  so  as  to  render  prehension  more  perfect,  and  to  perform  a  great 
variety  of  actions; — and  where  the  plane  of  the  whole  han4  can  be  turned 
in  any  position,  by  the  nature  of  its  attachment  to  the  forearm.  Between 
these,  there  are  many  intermediate  gradations.  By  these  characters,  the 
viviparous  Mammalia  may  be  divided  into  the  Unguiculatedf  which  have 
separate  fingers,  terminated  by  distinct  nails  or  claws;  and  the  UngulcUed^ 
in  which  the  fingers  are  more  or  less  consolidated,  and  enclosed  at  their 
extremity  in  a  hard  hoof.  Hoofed  animals  are  necessarily  Herbivorous, 
inasmuch  as  the  conformation  of  their  feet  precludes  the  possibility  of  their 
seizing  a  living  prey;  and  they  have  fiat-crowned  grinding  teeth  for  tritu- 
rating their  food.  The  summits  of  these  teeth  are  usually  not  covered  by  a 
smooth  coat  of  enamel,  but  present  a  series  of  elevations  and  depressions; 
these  are  occasioned  by  the  peculiar  structure  of  the  teeth,  which  consist  of 
alternating  plates  of  enamel,  ivory  or  dentine,  and  cementum  or  crusta  pe- 
trosa;  these  are  of  three  difierent  degrees  of  hardness;  and,  as  the  softer 
portions  will  of  course  wear  down  first,  the  harder  remain  as  projecting 
ridges.  In  order  to  give  efiect  to  these,  there  is  usually  a  considerable 
power  of  lateral  motion  possessed  by  the  lower  jaw;  so  that  a  regular 
grinding  action  may  be  performed,  which  is  favourable  to  the  complete  re- 
duction of  the  tough  vegetable  substances  that  serve  as  their  food. 

60.  Animals  with  Unguiculated  fingers  are  capable  of  more  variety  in  the 
character  of  their  food.  In  some  it  is  almost  exclusively  vegetable,  as  in 
the  Rodentia;  and  here  the  power  of  prehension  possessed  by  the  extremi- 
ties is  small,  the  forearm  not  being  so  constructed  as  to  be  capable  of  the 
motions  of  pronation  and  supination.  In  this  order,  the  mouth  is  remarka- 
bly adapted  for  grinding  down  hard  vegetable  substances, — the  molar  teeth 
being  furnished  with  transverse  ridges  of  enamel,  and  the  jaws  having  a 
powerful  movement  backwards  and  forwards.*  In  others,  again,  there  is 
an  almost  exclusive  adaptation  to  animal  food.  The  toes  are  furnished  with 
long  and  sharp  claws;  and  the  fore-feet  may  be  placed  in  a  variety  of  posi- 
tions, by  the  rotation  of  the  two  bones  composing  the  lower  part  of  the  leg. 
The  grinding  teeth  are  very  narrow,  and  are  formed  with  sharp  points  and 
edges,  so  as  to  be  adapted  for  dividing  animal  fiesh;  these  are  firmly  set  in 
short  strong  jaws,  which  are  fitted  together  like  the  blades  of  a  pair  of  scis- 
sors, having  no  action  but  a  vertical  one;  and  the  constant  friction  of  the 
edges  of  the  molar  teeth  against  each  other,  keeps  them  sharp.t  In  this 
group,  too,  we  find  the  greatest  development  of  the  canine  teeth,  which  are 

♦  The  action  of  trituration  is  chiefly  performed  by  the  external  pterygoid  muscles. 
When  these  are  in  operation  together,  they  draw  the  whole  of  ine  lower  jaw  for- 
wards, so  as  to  make  ihc  lower  teeth  project  beyond  the  upper;  and  the  jaw  being 
drawn  back  again  by  the  digastric  muscles,  a  rapid  alternate  movement  may  be  thus 
effected,  such  as  is  seen  in  the  Rodentia.  When  only  the  muscle  of  one  side  acts, 
the  condyle  of  that  side  is  thrown  forwards;  and  by  the  alternating  operauon  of  the 
two,  aided  by  other  muscles,  that  rotatory  motion  is  given  which  we  see  especially  in 
Ruminating  Cluadnipeds. 

t  In  Carnivorous  animals,  the  muscles  which  elevate  the  lower  jaw  attain  a  very 
high  degree  of  development.  This  is  very  remarkably  seen  in  the  internal  pterygoid, 
which  in  Man  Is  of  subordinate  size  and  importance,  but  which  is  a  very  powerful 
muscle  in  the  Lion,  Tiger,  &c. 
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commonly  absent,  or  but  slightly  developed,  among  herbivorous  quadru- 
peds; these  are  the  most  powerful  weapons  with  which  Carnivorous  ani- 
mals are  furnished,  serving  both  for  the  first  attack  of  their  prey,  and  for 
subsequently  tearing  it  in  pieces.  It  is  evident  that  the  whole  structure  of 
the  body  must  undergo  modification  in  conformity  with  the  nature  of  the 
food.  The  simple  stomach  and  intestinal  canal  of  the  carnivorous  animal, 
adapted  only  to  the  digestion  of  aliment  consisting  of  materials  similar  to 
those  of  its  own  body,  would  be  totally  useless  to  an  animal  prevented  by 
its  general  organization  from  obtaining  any  other  than  vegetable  food;  and 
on  the  other  hand,  the  teeth  and  hoofs  of  tlie  herbivorous  quadruped  would 
be  of  little  assistance  to  an  animal  whose  instincts  and  general  conformation 
adapted  it  for  the  pursuit  of  animal  prey.  It  will  be  presently  seen  that,  in 
regard  to  his  organization,  Man  holds  an  intermediate  place  between  the 
purely  herbivorous  and  purely  carnivorous  tribes,  being  capable  of  subsist- 
ing exclusively  upon  either  kind  of  diet,  but  being  obviously  intended  by 
nature  to  employ  both  in  combination. 

61.  The  classification  of  the  Mammalia  by  Linnxus,  although  not  strictly 
natural,  affords  us  the  readiest  means  of  separating  Man,  zoologically,  from 
all  other  animals.  He  arranged  under  his  order  Primates^  all  ihe  unguicu- 
lated  Mammalia,  which  have  four  incisor  teeth  and  two  canines  in  each 
jaw;  and  thus  Man,  with  the  Monkeys  and  the  Bats,  was  distinguished  from 
the  remainder  of  those  Quadrupeds  that  have  separate  fingers  with  distinct 
nails  or  claws.  This  group  is  now  subdivided  into  three  orders,  corre- 
sponding with  the  Linnaean  genera,  HomOj  Simian  and  Ve&pertilio.  The 
last  of  these  orders,  named  Cheiroptera^  includes  the  Bat  tribe,  which  is 
easily  separated  from  all  others,  by  the  peculiar  conformation  of  the  anterior 
extremities,  from  which  its  name  is  derived.  The  second,  termed  Quadru- 
fluuia,  comprehends  the  Apes,  Monkeys,  and  Baboons,  which  exhibit  a 
regular  series, — the  highest  approaching  Man  in  general  conformation,  and 
the  lowest  having  much  more  of  the  general  organization  of  the  inferior 
carnivorous  quadrupeds.  They  are  distinguished  from  other  viviparous 
Mammalia,  by  possessing  an  opposable  thumb  on  all  four  extremities 
(whence  they  are  termed  four-handed), — a  character  which  is  only  found 
elsewhere  in  the  Opossums.  Although  some  of  the  higher  members  of  this 
group  are  capable  of  maintaining  the  erect  position  without  difnculiy  for 
some  time,  even  whilst  walking,  it  is  certainly  not  that  which  is  natural  to 
them.  The  posterior  extremity, — being  formed  on  the  plan  of  a  hand,  for 
prehension  rather  than  for  direct  support, — is  destitute  of  the  heel  which  is 
characteristic  of  Man:  and  although  Apes  can  climb  trees  with  facility,  they 
cannot  plant  the  foot  firmly  on  the  ground,  and  resist  attempts  to  overthrow 
them;  since  the  foot  rests  rather  upon  the  outer  side  than  upon  its  sole,  and 
the  narrowness  of  the  pelvis  is  unfavourable  to  an  equilibrium.  There  are 
many  points,  however,  of  striking  resemblance  to  Man,  in  the  details  of  the 
conformation  of  the  Quadrumana,  especially  among  the  most  elevated  spe- 
cies; the  order  being  distinguished  by  the  same  characters  from  most 
others.  The  structure  of  their  alimentary  canal  differs  extremely  little  from 
his.  The  eyes  are  directed  forwards,  when  the  trunk  is  erect;  and  the  orbit 
is  completely  separated  from  tlie  temporal  fossje  by  a  bony  partition.  The 
mamms  are  situated  on  the  thorax;  and  the  penis  is  pendent.  Their  coitus, 
however,  is  reverse,  as  in  the  lower  Mammalia.  The  form  of  the  brain  in 
the  higher  species  corresponds  with  that  of  Man  in  this  remarkable  charac- 
ter,— that  it  is  divided  into  three  lobes,  of  which  the  posterior  is  prolonged 
backwards  so  as  to  cover  the  cerebellum;  this  is  not  the  case  in  the  highest 
of  other  Mammalia. 
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Char&cleristicB  of  Man. 

02.  We  shall  now  review,  aoraewhat  in  detail,  the  distinctive  characters 
by  which  Man  is  separated  Irom  the  animals  thai  present  the  nearest  ap- 
proach to  him  ill  general  einiclure  and  aspect.  These  may  be  advanta- 
geously classified  according  to  their  obvious  purposes;  and  the  first  series 
which  we  shall  notice,  consists  of  those  by  which  Man  is  peculiarly  adapted 
to  the  ereci  attitude.  On  examining  his  cranium,  we  notice  that  the  con- 
dyles, by  which  it  is  articulated  with  the  spinal  column,  are  so  placed,  that 
a  perpendicular  let  fall  from  the  centre  of  gravity  of  the  head  would  nearly 
fall  between  them,  so  as  to  be  within  the  base  on  which  il  rests.  The  fora- 
men magnum  is  not  placed  in  the  centre  of  the  base  of  the  skull,  but  just 
behind  il,  in  order  to  compensate  for  the  greater  speciiic  gravity  of  the  pos- 
terior part  of  the  head,  which  is  entirely  filled  with  solid  matter,  whilst  the 
anterior  pari  contains  many  cavities.  There  is,  indeed,  a  little  over-com- 
pensation, which  gives  a  slight  preponderance  to  the  front  of  the  head,  bo 
that  it  drops  forwards  and  downwards  when  all  the  muscles  are  relaxed. 
But  the  muscles  which  are  attached  to  the  back  of  the  head  are  far  larger 
and  mure  numerous  than  those  in  front  of  the  condyles;  so  that  they  are 
evidently  intended  to  counteract  this  disposition;  and  we  find,  accordingly, 
that  we  can  keep  up  the  head  for  the  whole  day  with  so  slight  and  invo- 
luntary an  effort,  that  no  fatigue  is  produced  by  it.  Moreover,  the  surfaces 
of  the  condyles  have  a  horizontal  direction,  when  the  head  is  upright;  and 
thus  the  weight  of  the  skull  is  laid  vertically  by  them  upon  the  top  of  the 
vertebral  column.  If  tliese  arrangements  be  compared  with  the  position 
and  direction  of  the  occipital  condyles  in  other  Mammalia,  it  will  be  found 
that  these  are  placed  in  the  latter  much  nearer  the  back  of  the  head,  and  that 
their  plane  is  more  oblique.  Thus,  whilst  the  foramen  magnum  is  situated, 
in  Man,  just  behind  the  centre  of  the  base  of  the  skull,  it  is  found,  in  the 
Chimpanzee  and  Orang  Ouian  to  occupy  the  middle  of  the  posterior  third; 
and,  as  we  descend  through  the  scale  of  Mammalia,  we  observe  that  it  gra- 
dually approaches  the  back  of  the  skull,  and  al  last  comes  nearly  into  th« 
line  of  its  longest  diameter,  as  we  see  in  the  Horse.  The  obliquity  of  the 
Fig.  5. 
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condyles  differs  in  a  similar  degree.     In  all  Mammalia  except  Man,  their 
plane  is  oblique;  so  that,  even  if  the  head  were  equally  balanced  upon  them, 
die  force  of  gravity  would  tend  to  carry  it  forwards  and  downwards.     In 
Man,  the  angle  which  they  make  with  the  horizontal  is  very  small;  in  the 
OniDg  Outan  it  is  as  much  as  37°;  and  in  the  Horse,  their  plane  is  vertical, 
Baking  the  angle  90°.     If,  therefore,  the  natural  posture  of  Man  were  hori- 
zontal, he  would  in  this  respect  be  circumstanced  like  the  Horse;  for  the 
plane  of  his  condyles,  which  is  nearly  horizontal  in  the  erect  position, 
would  then  be  vertical;  and  the  head,  instead  of  being  nearly  balanced  in 
tbe  erect  position,  would  hang  at  the  end  of  the  neck,  so  that  its  whole 
weight  would  have  to  be  supported  by  some  external  and  constantly  acting 
power.     But  for  this,  there  is  neither  in  the  skeleton,  nor  in  the  muscular 
lystem  of  Man,  any  adequate  provision.     In  other  Mammalia,  the  head  is 
maintained  in  such  a  position,  by  a  strong  and  thick  ligament  (the  ligamen- 
tnin  nuchs)  which  passes  from  the  spines  of  the  cervical  and  dorsal  vertebrae 
to  the  most  prominent  part  of  the  occiput;  but  of  this  in  Man  there  is 
scarcely  any  trace.     In  the  horizontal  position,  therefore,  he  would  have 
tbe  heaviest  head,  with  the  least  power  of  supporting  it 

63.  The  position  of  the  face  immediately  beneath  the  brain,  so  that  its 
fiont  is  nearly  in  the  same  plane  as  the  forehead,  is  peculiarly  characteristic 
of  Man;  for  the  crania  of  the  Chimpanzee  and  Orang,  which  approach 
nearest  to  that  of  Man,  are  entirely  posterior  to,  and  not  above,  the  face. 
Itthould  be  remarked  that,  in  the  young  Ape,  there  is  a  much  greater  re- 
semblance to  Man  in  this  respect,  than  there  is  in  the  adult.     For  at  the 
time  of  the  second  dentition,  the  muzzle  of  the  Ape  undergoes  a  great  elon- 
gationy  so  that  it  projects  much  more  beyond  the  forehead;  this  is  seen  in 
Fig.  5.     The  whole  cast  of  the  features  is  altered  at  the  same  time,  so  that 
it  approaches  much  more  to  that  of  the  lower  Quadrumana,  than  would  be 
iopposed  from  observation  of  the  young  animal  only.*   This  increased  pro- 
jection of  the  muzzle  is  an  evidence  of  want  of  perfect  adaptation  to  the  erect 
posture;  whilst  the  absence  of  it  in  Man  shows  that  no  other  position  is 
natural  to  him.     Supposing  that,  with  a  head  formed  as  at  present,  he  were 
to  move  on  all-fours,  so  that  his  face  would  be  brought  into  the  same  plane 
with  the  ground,  as  painful  an  effort  would  be  required  to  examine  with  the 
eyes  an  object  placed  in  front  of  the  body,  as  is  now  necessary  to  keep  the 
eyes  fixed  on  the  zenith;  the  nose  would  be  unable  to  perceive  any  other 
odours  than  those  which  proceeded  from  the  earth  or  from  the  body  itself; 
and  the  mouth  could  not  touch  the  ground,  without  bringing  the  forehead 
and  chin  also  into  contact  with  it.     The  oblique  position  of  the  condyles  in 
the  Quadrumana  enables  them,  without  much  difHculty,  to  adapt  the  incli- 
nation of  their  heads  to  the  horizontal  or  to  the  erect  position  of  the  body; 
hat  the  natural  position,  in  the  highest  among  them,  is  unquestionably  one 
in  which  the  spinal  column  is  inclined,  the  body  being  partially  thrown 
forwards,  so  as  to  rest  upon  the  anterior  extremities;  and  in  this  position, 
the  face  is  directed  forwards  without  any  effort,  owing  to  the  mode  in  which 
the  head  is  articulated  with  the  spine. 

64.  The  vertebral  column  in  Man,  though  not  absolutely  straight,  has  its 
corves  so  arranged,  that,  when  the  body  is  in  an  erect  posture,  a  vertical  line 
from  its  summit  would  fall  exactly  on  the  centre  of  its  base.  It  increases 
considerably  in  size  in  the  lumbar  region,  so  as  to  be  altogether  somewhat 

•  None  but  younj?  specimens  of  the  Cliiinpanzce  and  Oran^i^  Outan  have  ever  been 
brrmffhi  alive  to  this  country;  and  they  have  never  survived  the  period  of  their  second 
dentiiiun. 
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pyramidal  in  form.  The  lumbar  portion  in  the  Chimpanzee  and  Orang  is 
not  of  the  same  proportional  strength,  and  contains  but  four  vertebra;  instead 
of  five.  The  processes  for  the  attachment  of  the  muscles  of  the  back  to  this 
part  are  peculiarly  large  and  strong  in  Man;  and  this  arrangement  is  ob- 
viously adapted  to  overcome  the  tendency,  which  the  weight  of  the  viscera 
in  front  of  the  column  would  have,  to  draw  it  forwards  and  downwards.  On 
the  other  hand,  the  spinous  processes  of  the  cervical  and  dorsal  vertebrs, 
which  are  in  other  Mammalia  large  and  strong,  for  the  attachment  of  the 
ligamentum  nuchae  to  support  the  head,  have  in  Man  but  little  prominence, 
his  head  being  nearly  balanced  on  the  top  of  the  column.  The  base  of  the 
human  vertebral  column  is  placed  on  a  sacrum  of  greater  proportional 
breadth  than  that  of  any  other  animal;  this  sacrum  is  fixed  between  two 
widely  expanded  ilia;  and  the  whole  pelvis  is  thus  peculiarly  broad.  In 
this  manner,  the  femoral  articulations  are  thrown  very  far  apart,  so  as  to  give 
a  wide  basis  of  support;  and  by  the  oblique  direction  of  the  whole  pelvis, 
the  weight  of  the  body  is  transmitted  almost  vertically  from  the  top  of  the 
sacrum  to  the  upper  part  of  the  thigh  bones.  The  pelvis  of  every  other 
species  of  the  class  is  very  differently  constructed,  as  will  be  seen  in  the 
adjoining  figure  (6),  in  which  the  skeleton  of  the  Orang  is  placed  in  proxi- 
mity with  that  of  Man.  It  is  much  longer  and  narrower,  having  a  far 
smaller  space  between  the  iliac  bones  and  the  lowest  ribs;  the  sacrum  is 
lengthened  and  reduced  in  width;  the  alse  of  the  ilia  are  much  less  expanded; 
and  the  whole  pelvis  is  brought  nearly  into  a  line  with  the  vertebral  column. 
The  position  of  the  human  femur,  in  which  it  is  most  securely  fixed  in  its 
deep  acetabulum,  is  that  which  it  has  when  supporting  the  body  in  the  erect 
attitude.  In  the  Chimpanzee  and  Orang,  its  analogous  position  is  at  an  ob- 
lique angle  to  the  long  axis  of  the  pelvis,  with  the  body  supported  obliquely 
in  front  of  it;  in  many  Mammalia,  as  in  the  Elephant,  it  forms  nearly  a 
right  angle;  and  in  several  others,  as  the  Horse,  Ox,  &c.,  it  forms  an  acute 
angle  with  the  axis  of  the  pelvis  and  spinal  column. 

65.  The  lower  extremities  of  Man  are  remarkable  for  their  length,  which 
is  proportionably  greater  than  that  which  we  find  in  any  other  Mammalia^ 
except  the  Kangaroo  tribe.  It  is  evident  that  there  could  be  no  greater 
obstacle  to  progression  in  the  horizontal  posture,  than  this  length  of  what 
would  then  be  the  hind  legs.  Either  Man  would  be  obliged  to  rest  on  his 
knees,  with  his  thighs  so  bent  towards  the  trunk,  that  the  attempt  to  advance 
them  would  be  inconvenient,  his  legs  and  feet  being  entirely  useless;  or  he 
must  elevate  his  trunk  upon  the  extremities  of  his  toes,  throwing  his  head 
downwards,  and  exerting  himself  violently  at  every  attempt  to  bring  for- 
ward the  thighs  by  a  rotatory  motion  at  the  hip-joint.  In  either  case,  the 
only  useful  joint  would  be  that  at  the  hip;  and  the  legs  would  be  scarcely 
superior  to  wooden  or  other  rigid  supports.  It  is  chiefly  in  the  propor- 
tional length  of  the  thigh,  that  Man  difl^ers  from  the  semi-erect  Apes.  His 
arms,  too,  are  sliorter  than  theirs;  so  that  his  hands  only  reach  the  middle 
of  the  thighs,  whilst  in  the  Chimpanzee  they  hang  on  a  level  with  the  knees, 
and  in  the  Orang  they  descend  to  the  ancles.  The  Human  femur  is  further 
distinguished  by  its  form  and  position,  as  well  as  by  its  length.  The  ob- 
liquity and  length  of  the  neck  still  further  increase  the  breadth  of  the  hips, 
whilst  they  cause  the  lower  extremities  of  these  bones  to  be  somewhat 
obliquely  directed  towards  each  other,  so  that  the  knees  are  brought  more 
into  the  line  of  the  axis  of  the  body.  This  position  is  obviously  of  great 
use  in  walking,  when  the  whole  weight  has  to  be  alternately  supported  on 
each  limb;  for,  if  the  knees  had  been  further  apart,  the  whole  body  must 
have  been  swung  from  side  to  side  at  each  step,  so  as  to  bring  the  centre  of 
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gravity  over  the  top  of  each  tibia;  and,  as  a  matter  of  fact,  it  is  noticed  that 
the  walk  of  women,  in  whom  the  pelvis  is  broader  and  the  knees  more 
separated,  is  less  steady  than  that  of  man.  There  is  a  very  marked  con- 
trast between  the  knee-joint  of  Man,  and  that  even  of  the  highest  Apes.  In 
the  former,  the  opposed  extremities  of  the  femur  and  the  tibia  are  expanded, 
so  as  to  present  a  very  broad  articulating  surface;  and  the  internal  condyle 
of  the  femur  is  lengthened,  so  that  tlie  two  are  in  the  same  horizontal  plane, 
in  the  usual  oblique  position  of  the  femur.  In  this  manner,  the  whole 
weight  of  the  body,  in  its  erect  posture,  falls  vertically  on  the  top  of  the 
tibia,  when  the  joint  is  in  the  firmest  position  in  which  it  can  be  placed: 
and  a  comparison  of  the  knee-joint  of  the  Orang  with  that  of  Man,  will 
make  it  at  once  evident,  that  the  former  is  not  intended  to  serve  as  more 
than  a  partial  support.  The  weight  of  the  body  is  transmitted  through  the 
tibia  to  the  upper  convex  surface  of  the  astragalus,  and  thence  to  the  other 
bones  of  the  foot.  The  Human  foot  is,  in  proportion  to  the  size  of  the 
whole  body,  larger,  broader,  and  stronger,  than  that  of  any  other  Mammal, 
save  the  Kangaroo.  The  sole  of  the  foot  is  concave,  so  that  the  weight  of 
the  body  falls  on  the  summit  of  an  arch,  of  which  the  os  calcis  and  the  me- 
tatarsal bones  form  the  two  points  of  support.  This  arched  form  of  the  foot, 
and  the  natural  contact  of  the  os  calcis  with  the  ground,  are  peculiar  to  Man 
alone.  All  the  Apes  have  the  os  calcis  small,  straight,  and  more  or  less 
raised  from  the  ground,  which  they  touch,  when  standing  erect,  with  the 
outer  side  only  of  the  foot;  whilst  in  animals  more  remote  from  man,  the 
OS  calcis  is  brought  still  more  into  the  line  of  the  tibia;  and  the  foot  being 
more  elongated  and  narrowed,  the  extremities  of  the  toes  only  come  in  con- 
tact with  the  ground.  Hence  Man  is  the  only  species  of  Mammalia  which 
can  stand  upon  one  leg. 

66.  If  we  look  at  the  conformation  of  the  upper  extremity  of  Man,  we 
observe  similar  proofs  that  it  is  not  intended  as  an  organ  of  support;  it  being 
destitute  of  all  these  adaptations;  and  having  a  conformation  obviously  de- 
signed for  other  purposes,  which  could  not  be  possibly  answered,  if  it  were 
not  completely  relieved  from  the  necessity  of  bearing  the  weight  of  the  body. 
This  peculiar  conformation  will  be  subsequently  considered. 

67.  The  other  parts  of  the  Human  body  concerned  in  locomotion  are 
exactly  adapted  to  the  peculiar  construction  of  the  skeleton.  The  tibia  is 
kept  erect  upon  the  foot  by  the  ver}'  powerful  muscles,  which  are  attached 
to  the  heel  and  form  the  calf  of  the  leg,  a  prominence  observed  in  no  other 
animal  in  nearly  the  same  degree.  The  flexor  longus  pollicis  pedis,  which 
is  attached  in  the  Chimpanzee  and  Orang  to  the  three  middle  toes,  pro- 
ceeds in  Man  exclusively  to  the  great  toe,  on  Nvhich  the  weight  of  the  body 
is  often  supported.  The  extensors  of  the  leg  upon  the  thigh  are  much 
more  powerful  than  the  flexors, — an  arrangement  seen  in  no  other  animal. 
The  glutsei,  by  which  the  pelvis  is  kept  erect  upon  the  thigh,  are  of  far 
greater  size  than  is  elsewhere  seen.  The  superior  power  of  the  muscles 
tending  to  draw  the  head  and  spine  backwards,  has  been  already  referred  to. 
In  the  general  form  of  the  trunk,  there  is  a  considerable  diflfercnce  between 
Man  and  most  other  Mammalia.  His  chest  is  large,  but  is  flattened  in 
front,  and  expanded  laterally,  so  that  its  transverse  diameter  is  greater  than 
its  antero-posterior; — a  peculiarity  in  which  only  the  most  man-like  mon- 
keys partake.  His  sternum  is  short  and  broad,  and  there  is  a  considerable 
distance  between  the  lower  ribs  and  the  ilia,  in  consequence  of  the  small 
number  of  ribs  and  the  length  of  the  lumbar  portion  of  the  vertebral  column. 
The  viscera  in  this  space,  which  in  the  horizontal  position  would  be  but 
insufficiently  held  up  by  the  abdominal  muscles,  are,  in  the  erect  attitude. 
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lecurely  supported  by  the  expanded  pelvis.  From  all  these  facts  it  is  an 
indisputable  conclusion,  that  the  erect  attitude  and  biped  progression  are 
natural  to  Man;  and  we  must  regard  as  in  great  degree  fabulous  all  those 
histories  of  supposed  wild  men,  who,  it  has  been  said,  were  found  in  woods, 
danab,  hairy,  and  crawling  on  all-fours.  The  most  elaborate  investigation* 
of  the  structure  of  the  anthropoid  Apes,  and  the  fullest  acquaintance  with 
their  habits,  concur  in  proving,  that  their  movements  are  not  easy  or  agile, 
Qiiless  they  employ  all  their  limbs  for  the  support  of  their  bodies. 

68.  The  name  Bimana  is  the  most  appropriate  that  could  be  found  for 
an  order  constituted  by  the  human  species  only;  for  Man  alone  is  two- 
handed.  "  That,"  says  Cuvier,  **  which  constitutes  the  hand^  properly  so 
called,  is  the  faculty  of  opposing  the  thumb  to  the  other  fingers,  so  as  to 
•eize  the  most  minute  objects, — a  faculty  which  is  carried  to  its  highest 
degree  of  perfection  in  Man,  in  whom  the  whole  anterior  extremity  is  free, 
tnd  can  be  employed  in  prehension."  Some  naturalists  refuse  the  term 
hand  to  the  extremities  of  the  Monkey  tribe,  preferring  to  call  them  graspers: 
for  it  is  certainly  true  that,  although  usually  possessing  an  opposable  thumb, 
they  are  destitute  of  the  power  of  performing  many  of  those  actions  which 
we  regard  as  most  characteristic  of  the  hand.  These  actions  are  chiefly 
dependent  on  the  size  and  power  of  the  thumb,  which  is  much  more  deve- 
loped in  Man  than  it  is  even  in  the  highest  Apes.  The  thumb  of  the  Hu- 
man hand  can  be  brought  into  exact  opposition  to  the  extremities  of  all  the 
fingers,  whether  singly  or  in  combination;  whilst  in  those  Quadrumana 
which  most  nearly  approach  man,  the  thumb  is  so  short  and  weak,  and  the 
fingers  so  long  and  slender,  .that  their  tips  can  scarcely  be  brought  in  oppo- 
sition, and  can  never  be  opposed  in  near  contact  with  each  other,  with  any 
degree  of  force.  Hence,  although  admirably  adapted  for  clinging  round 
bodies  of  a  certain  size,  such  as  the  small  branches  of  trees,  &c.,  the  extre- 
mities of  the  Quadrumana  can  neither  seize  very  minute  objects  with  that 
precision,  nor  support  large  ones  with  that  firmness,  which  arc  essential  to 
the  dexterous  performance  of  a  variety  of  operations,  for  which  the  hand  of 
Man  is  admirably  adapted.  Hence  the  possession  of  **  four  hands"  is  not, 
as  might  be  supposed,  a  chamctcr  which  raises  the  animals  that  possess  it 
above  two-handed  Man;  for  none  of  these  four  hands  are  adapted  to  the  same 
variety  of  actions  of  prehension  of  which  his  are  capable,  and  all  of  them 
are  in  some  degree  required  for  support.  In  this  respect  their  character 
approaches  much  nearer  to  that  of  the  extremities  of  the  lower  Mammalia; 
and  there  are  several  among  them  in  which,  the  opposable  power  of  the 
tiiomb  being  deficient,  there  is  no  very  marked  distinction  between  the  so- 
called  hand,  and  the  foot  of  some  Carnivora.  There  is  much  truth,  ihen, 
in  Sir  C.  Bell's  remark,  that  •'  We  ought  to  define  the  hand  as  belonging 
exclusively  to  Man."  There  is  in  him,  what  we  observe  in  none  of  the 
Mammalia  that  approach  him  in  other  respects,  a  complete  distinction  in  the 
functional  character  of  the  anterior  and  posterior  extremities:  the  former 
being  adapted  for  prehension  alone,  and  the  Intter  for  support  alone.  Thus 
each  function  is  performed  with  a  much  higher  degree  of  perfection,  than  it 
can  be  where  two  such  opposite  purposes  have  to  be  united.  The  arm  of 
the  Ape  has  as  wide  a  range  of  motion  as  in  Man,  so  far  as  its  articulations 
are  concerned;  but  it  is  only  when  the  animal  is  in  the  erect  attitude,  that 
itB  arm  can  have  free  play.  Thus  the  structure  of  the  whole  frame  must 
conform  to  that  of  the  hand,  and  must  act  with  reference  to  it.     But  it  can- 

♦  S^re  especially  Mr.  Owen's  paper  on  the  Chimpanzee  and  Orang  Outan  in  the 
Zoological  TransaciioDs,  Vol.  i. 
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not  be  said  with  truth  (as  some  have  maintained)  that  Man  owes  his  supe- 
riority to  his  hand  alone;  for  without  the  directing  mind,  the  hand  would 
be  comparatively  valueless.  His  elevated  position  is  due  to  his  mind  and 
its  instruments  conjointly;  for  if  destitute  of  either,  mankind  would  be 
speedily  extinguished  altogether,  or  reduced  to  a  very  subordinate  kind  of 
existence. 

69.  Thus,  then,  although  the  order  Bimana  cannot  be  separated  from  the 
order  Quadrumana  by  any  single  obvious  structural  distinction,  like  that 
which  characterizes  the  Cetacea  or  the  Cheiroptera,  it  is  really  as  far  re- 
moved by  the  minuter,  but  not  less  important,  modifications  which  have 
been  detailed.  A  few  other  distinctive  characters  will  now  be  noticed. 
With  one  exception  (the  fossil  genus  Anoplotlierium,  which  is  allied  to  the 
Tapir  tribe)  Man  is  distinguished  from  all  other  animals,  by  the  equality  in 
the  length  of  all  his  teeth,  and  by  the  equally  close  approximation  of  them 
all  in  each  jaw.  Even  the  anthropoid  Apes  have  the  canine  teeth  longer 
than  the  others,  and  an  interval  in  the  line  of  teeth  in  each  side  of  the  jaw, 
to  receive  the  canine  teeth  of  the  opposite  jaw.  This  is  more  evident  in 
the  adult  than  in  the  young  animal.  The  vertical  position  of  the  Human 
teeth,  on  which  one  of  the  most  characteristic  features  of  the  human  face— 
the  prominent  chin^-depends,  is  also  quite  peculiar;  and  is  intimately  con- 
nected both  with  his  erect  attitude,  and  with  the  perfection  of  the  hands,  by 
which  the  food  is  divided  and  conveyed  to  the  mouth.  He  has  no  occasion 
for  that  protrusion  of  the  muzzle  and  lips,  which,  in  animals  that  seize  their 
food  with  the  mouth  only,  is  required  to  prevent  the  face  from  coming  into 
general  contact  with  it.  The  absence  of  any  weapons  of  offence,  and  of 
direct  means  of  defence,  are  remarkable  characteristics  of  Man,  and  die* 
tinguish  him  from  other  animals.  On  those  to  whom  Nature  has  denied 
weapons  of  attack,  she  has  bestowed  the  means  either  of  passive  defence, 
of  concealment,  or  of  flight.  Yet  Man,  by  his  superior  reason,  has  not  only 
been  enabled  to  resist  the  attacks  of  other  animals,  but  even  to  bring  them 
under  subjection  to  himself.  His  intellect  can  scarcely  suggest  the  me- 
chanism which  his  hands  cannot  frame;  and  he  has  devised  and  constructed 
arms  more  powerful  than  any  other  creature  wields,  and  defences  so  secure 
as  to  defy  the  assaults  of  all  but  his  fellow  men.  We  find,  on  comparing 
the  brain  of  Man  with  that  of  the  lower  Mammalia,  that,  as  might  have 
been  anticipated,  its  proportional  dimensions  are  much  greater,  and  its  stmo- 
ture  more  complex.  The  former  part  of  tliis  statement  is  easily  verified  by 
an  examination  of  the  cranium  alone,  comparing  the  size  of  its  cavity  with 
that  of  the  face.  The  amount  of  the  facial  angle,  taken  after  the  manner  of 
Camper,  affords  a  tolerably  correct  indication  of  the  relative  sizes  of  these 
parts.  In  Man,  the  facial  angle  is,  in  the  average  of  Europeans,  80^;  in 
Negroes  it  is  about  70^.  Iq^  the  adult  Chimpanzee  (which  approaches  in 
this  respect  nearest  to  Man)  the  facial  angle  is  only  35°;  and  in  the  Orang 
it  is  no  more  than  30°.  In  other  animals  it  is  still  less,  except  when  it  is 
increased  by  the  prominence  of  large  frontal  sinuses,  or  by  the  comparative 
shortness  of  the  jaws.  In  regard  to  the  stmcture  of  the  brain,  we  shall 
here  only  remark  generally,  that  the  encephalon  of  Man  far  exceeds  that  of 
the  highest  Quadrumana  in  the  size  of  the  cerebral  hemispheres,  in  the 
complexity  and  development  of  its  internal  parts,  and  in  the  depth  and 
number  of  its  convolutions. 

70.  Man  cannot  be  regarded  as  distinguished  from  other  Mammalia, 
however,  either  by  acuteness  of  sensibility,  or  by  muscular  power.  His 
swiftness  in  running  and  agility  in  leaping  are  inferior  to  that  of  other  ani- 
mals of  his  size, — the  full-grown  Orang,  for  example.     The  smallness  of 
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his  face,  compared  witli  that  of  the  cranium,  shows  that  the  portion  of  the 
nervous  system  distributed  to  the  organs  of  sense  is  less  developed  in  him 
than  it  is  in  most  other  animals;  and  the  small  proportional  size  of  the 
ganglionic  centres,  with  which  these  organs  are  immediately  connected,  is 
another  indication  of  the  same  fact.  Accordingly,  he  is  surpassed  by  many 
in  the  acuteness  of  his  sensibility  to  light,  sound,  &c.;  but  he  stands  alone 
in  the  power  of  comparing  his  sensations,  and  of  drawing  conclusions  from 
them.  Moreover,  although  none  of  his  senses  are  very  acute  in  his  natural 
state,  they  are  all  moderately  so,  which  is  not  the  case  in  other  animals; 
and  they  are  capable  (as  is  also  his  swiftness  of  foot)  of  being  much  im- 
proved by  practice,  especially  when  circumstances  strongly  call  for  their 
exercise.  This  power  of  adaptation  to  varieties  in  external  conditions, 
which  makes  him  to  a  great  extent  independent  of  them,  is  manifested  in 
other  features  of  his  structure  and  economy.  He  is  capable  of  sustaining 
the  lowest  as  well  as  the  highest  extremes  of  temperature  and  of  atmo- 
spheric pressure.  In  the  former  of  these  particulars,  he  is  strikingly 
contrasted  with  the  anthropoid  Apes,  such  as  the  Chimpanzee,  which  is 
restricted  to  a  few  of  the  hottest  parts  of  Africa,  and  the  Orang  Outan,  which 
is  only  found  in  Borneo  and  Sumatra;  these  cannot  be  kept  alive  in  tem- 
perate climates  w^ithout  the  assistance  of  artificial  heat;  and  even  when  this 
is  afibrded  they  speedily  become  diseased  and  die.  His  diet  is  naturally 
of  a  mixed  kind;  but  he  can  support  himself  in  health  and  strength  on  either 
animal  or  vegetable  food  exclusively.  At  the  same  time,  it  is  by  the  de- 
mands which  his  peculiar  condition  makes  upon  the  exercise  of  his  inge- 
naity,  that  his  mental  powers  are  first  called  into  active  operation;  and, 
when  once  aroused,  their  development  has  no  assignable  limit.  The  slow 
growth  of  Man,  and  the  length  of  time  during  which  he  remains  in  a  state 
of  dependence  upon  his  parents,  have  been  already  mentioned  as  peculiari- 
ties by  which  he  is  distinguished  from  all  other  animals.  He  is  unable  to 
seek  his  own  food  during  at  least  the  three  first  years  of  his  life,  and  he 
does  not  attain  to  his  full  stature  until  he  is  more  than  twenty  years  of  age. 
In  proportion  to  his  size,  too,  the  whole  sum  of  his  life  is  greater  than  that 
of  other  Mammalia.  The  greatest  age  of  the  Horse,  for  example,  which  is 
an  animal  of  much  superior  bulk,  is  between  thirty  and  forty  years.  That 
of  the  Orang,  which,  when  full  grown,  surpasses  Man  in  stature,  is  about 
the  same,  so  far  as  can  be  ascertained.  The  age  to  whicli  the  life  of  Man 
is  frequently  prolonged  is  well  known  to  be  above  a  hundred  years;  and 
instances  of  such  longevity  are  to  be  found  in  all  nations. 

71.  Still,  however  widely  Man  may  be  distinguished  from  other  animals, 
by  Uiese  and  other  peculiarities  of  his  structure  and  economy,  he  is  yet  more 
distinguished  by  those  mental  endowments,  and  the  habitudes  of  life  and 
action  thence  resulting,  which  must  be  regarded  as  the  essential  character- 
istics of  humanity.  In  the  highest  among  brutes,  the  mere  instinctive  pro- 
pensities (as  already  defined,  §  28,  34,)  are  the  frequent  springs  of  action; 
and  although  the  intelligent  will  is  called  into  exercise  to  a  certain  extent, 
the  character  never  rises  beyond  that  of  the  child.  In  fact,  the  correspon- 
dence between  the  psychical  endowments  of  the  Chimpanzee,  and  those  of 
the  Human  infant  of  between  two  and  three  years  old,  is  very  close.  In  Man, 
however,  the  instinctive  propensities  only  manifest  themselves  strongly 
whilst  the  intellect  is  undeveloped;  and  nearly  all  the  actions  of  adult  life 
are  performed  under  the  direction  of  the  intelligent  will.  From  the  intelli- 
gence of  man  results  his  improveability;  and  his  improved  condition  im- 
presses itself  upon  his  organization.  This  capability  of  improvement  in  the 
bodily  as  well  as  the  mental  constitution  of  man,  is  the  cause  of  the  com- 
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forts  now  enjoyed  by  civilized  races,  and  of  the  means  which  they  possess 
of  still  further  elevation.     In  the  processes  by  which  these  are  attained,  we 
observe  a  remarkable  difference  between  the  character  of  Man  and  that  of 
other  animals.     The  arts  of  which  these  are  capable,  are  limited  and  pecu- 
liar to  each  species;  and  there  seems  to  be  no  general  power  of  adapting 
these  to  any  great  variety  of  purposes,  or  of  profiting  by  the  experience  of 
others.     Where  a  particular  adaptation  of  means  to  ends,  of  actions  to  cir- 
cumstances, is  made  by  an  individual  (as  is  frequently  the  case  when  some 
amount  of  intelligence  or  rationality  exists),  the  rest  do  not  seem  to  profit 
by  it;  so  that  there  is  no  proof  of  any  species  or  race  among  the  lower  ani- 
mals ever  making  an  advance  towards  an  improvement  or  alteration  in  its 
condition.     That  modifications  in  structure  and  instincts  may  be  induced  by 
circumstances,  in  some  of  the  most  improveable  species,  such  as  the  Dog, 
has  been  shown  by  abundant  evidence;  and  these  modifications,  if  con- 
nected with  the  original  habits  and  instinct  of  the  species,  may  be  heredita- 
rily transmitted.     There  is  ample  proof  that  the  same  is  the  case,  in  regard 
both  to  the  corporeal  structure  and  psychical  endowments  of  Man.     Under 
the  influence  of  education,  physical  and  mental,  continued  through  succes- 
sive generations,  the  capabilities  of  his  whole  nature,  and  especially  those 
of  his  brain,  are  called  out;  so  that  the  general  character  of  the  race  is 
greatly  improved.     On  the  other  hand,  under  the  influence  of  a  degraded 
condition,  there  is  an  equally  certain  retrogression;  so  that,  to  bring  up  the 
New  Holland  Savage  or  the  African  Bushman  to  the  level  of  the  European, 
would  probably  require  centuries  of  civilization.     One  of  the  most  import- 
ant aids  to  the  use  and  development  of  the  human  mind  is  the  power  of  pro- 
ducing articulate  sounds,  or  language,  of  which,  as  far  as  we  know,  Man  is 
the  only  animal  in  possession.     There  is  no  doubt  that  many  other  species 
have  certain  powers  of  communication  between  individuals;  but  these  are 
probably  very  limited,  and  of  a  kind  very  diflferent  from  a  verbal  language. 
72.  Although,  as  we  have  stated,  there  is  nothing  in  Man's  present  con- 
dition which  removes  him  from  the  pale  of  the  Animal  kingdom,  and  al- 
though his  reasoning  powers  difler  rather  in  degree  than  in  kind  from  those 
of  the  inferior  animals,  he  seems  distinguished  by  one  innate  tendency,  to 
which  we  have  no  reason  to  suppose  that  any  thing  analogous  elsewhere 
exists,  and  which  we  might  term  an  instinct,  were  it  not  that  this  designa- 
tion is  generally  applied  to  propensities  of  a  much  lower  character.     The 
tendency  here  referred  to,  is  that  which  seems  universal  in  Man,  to  believe 
in  some  unseen  Existence.     This  may  take  various  forms,  but  is  never 
entirely  absent  from  any  race  or  nation,  although  (like  other  innate  tenden- 
cies) it  may  be  defective  in  individuals.     Attempts  have  been  made  by  some 
travellers  to  prove,  that  particular  nations  are  destitute  of  it;  but  such  asser- 
tions have  been  based  only  upon  a  limited  acquaintance  with  their  habits  of 
thought,  and  with  their  outward  observances.     For  there  are  probably  none 
that  do  not  possess  the  idea  of  some  invisible  Power  external  to  themselves, 
whose  favour  they  seek,  and  whose  anger  they  deprecate,  by  sacrifice  and 
other  religious  observances.     It  requires  a  higher  mental  cultivation  than  is 
always  to  be  met  with,  to  conceive  of  this  Power  as  having  a  Spiritual  ex- 
istence; but  wherever  the  idea  of  spirituality  can  be  defined,  it  seems  con- 
nected with  it.     The  vulgar  readiness  to  believe  in  demons,  ghosts,  &c.,  is 
only  an  irregular  or  depraved  manifestation  of  the  same  tendency.    Closely 
connected  with  it  is  the  desire  to  share  in  this  spiritual  existence,  which  has 
been  implanted  by  the  Creator  in  the  mind  of  Man,  and  which,  developed 
as  it  is  by  the  mental  cultivation  that  is  almost  necessary  for  the  formation 
of  the  idea,  has  been  regarded  by  philosophers  in  all  ages  as  one  of  the  chief 
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natural  arguments  for  the  immortality  of  the  soul.  By  this  Immortal  Soul, 
the  existence  of  which  is  thus  guessed  by  Man,  but  of  whoso  presence 
within  him  he  derives  the  strongest  evidence  from  Revelation,  Man  is  con- 
nected with  beings  of  a  higher  order,  amongst  whom  intelligence  exists, 
unrestrained  in  its  exercise  by  the  imperfections  of  that  corporeal  mechanism 
by  which  it  here  operates;  and  to  this  state, — a  state  of  more  intimate  com- 
munion of  mind  with  mind,  and  of  creatures  with  their  Creator, — he  is 
encouraged  to  aspire,  as  the  reward  of  his  improvement  of  the  talents  here 
eommitted  to  his  charge. 


CHAPTER    II. 
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73.  The  idea  of  Life  or  Vital  Action  obviously  involves  that  of  change. 
We  do  not  consider  any  being  as  alive^  which  is  not  undergoing  some  con- 
tinual alteration  perceptible  to  the  senses.  This  alteration  may  be  so  trifling 
in  its  amount,  as  not  to  be  recognised  but  by  frequent  comparison.  The 
tlow-growing  Lichen,  that  forms  the  grey  or  yellow  spots  upon  old  walls. 
Of  the  Oyster  that  is  lying  motionless  in  its  massive  bed,  may  appear  to 
perform  no  action;  and  yet  a  sufBciently  prolonged  knowledge  of  the  former 
would  show,  that  it  is  gradually  though  slowly  extending  itself,  and  that  it 
is  multiplying  its  race  by  a  humble  yet  effectual  process  of  fructification; 
whilst  doser  observation  of  the  latter  would  enable  us  to  perceive,  that  its 
iurfaces  are  covered  with  cilia  which  are  in  continual  vibration, — that  food 
is  being  regularly  taken  into  its  stomach,  undergoes  digestion,  and  is  con- 
verted into  materials  fit  for  the  aliment  of  the  body, — that  a  regular  circula- 
tion of  blood  is  maintained,  by  the  action  of  a  powerful  heart, — that  this 
circulation  is  subservient  to  the  various  processes  of  nutrition,  secretion,  and 
reproduction, — that  in  due  time  a  number  of  young  Oysters  are  produced, 
which  swim  forth  from  between  the  valves  of  the  parent  shell,  and  locate 
themselves  elsewhere, — and  lastly  that,  apathetic  as  the  creature  seems,  it 
may  be  excited  by  some  kinds  of  stimuli  to  a  movement  which  seems  to 
evince  sensation,  the  closure  of  the  shell  being  produced  by  any  mechanical 
irritation  of  the  contained  animal,  or  even,  it  is  said,  when  it  lies  undisturbed 
in  its  native  haunts,  by  a  shadow  passing  between  it  and  the  sun.  Thus, 
then,  change  of  some  kind  is  essential  to  our  idea  of  Life.  It  may  be  asked 
what  is  the  condition  of  a  seed,  which  remains  unchanged  during  a  period 
of  many  centuries,  and  at  last  vegetates,  when  placed  in  favourable  circum- 
stances, as  if  it  had  been  ripened  but  the  year  before.  The  seed  is  not  alive^ 
but  it  is  possessed  of  the  property  of  vitality^  or  the  power  of  performing 
vital  actions,  when  aroused  to  them  by  the  necessary  stimuli, — such  as 
warmth,  moisture,  oxygen,  &;c.  Its  condition  resembles  that  of  the  human 
being  in  profound  sleep;  he  is  not  then  a  feeling  thinking  man;  but  he  is 
capable  of  feeling  and  thinking,  when  he  is  aroused  from  his  slumber,  and 
his  mind  is  put  into  activity  by  the  impressions  of  external  objects. 

74.  The  activity  of  a  living  being,  then,  being  dependent  upon  two  sets 
of  conditions, — the  organized  structure  which  it  possesses, — and  the  stimuli 
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to  which  this  is  exposed,— -we  can  scarcely  separate  from  our  notion  of  an 
organized  structure,  that  of  the  peculiar  properties  which  it  possesses;  for 
we  never  see  an  organized  structure  remaining  as  such,  unless  it  possess 
some  degree  of  vitality.  It  may  be  said  that,  when  an  Animal  or  Plant  is 
killed  by  a  strong  electric  shock,  its  organization  is  unaffected,  yet  its  vital 
properties  are  destroyed.  Yet  no  proof  of  such  an  assertion,  which  is  con- 
trary to  all  analogy,  has  ever  been  afforded.  In  no  other  circumstances  do 
we  ever  witness  the  departure  of  vitality,  without  some  change  of  structure 
or  of  composition  which  can  be  made  evident.  In  the  ordinary  death  of  an 
Animal,  we  may  commonly  trace  the  action  of  the  morbific  cause  upon  some 
particular  organ,  whose  function  is  thereby  either  suspended  or  perverted; 
and  the  cessation  of  the  whole  train  of  actions  necessarily  results,  if  this 
organ  be  one  of  those  essentially  concerned  in  them.  Thus,  to  take  a  not 
uncommon  case,  a  patient  with  tubercular  deposition  nearly  filling  both 
lungs  becomes  the  subject  of  an  ulceration,  which  suddenly  opens  a  passage 
from  one  of  the  bronchis  to  the  pleural  cavity  on  one  side;  death  from  this 
cause  is  frequently  almost  instantaneous,  from  the  total  incapacity  of  the 
other  lung  to  maintain  by  itself  those  respiratory  actions,  which  are  neces- 
sary to  the  continuance  of  the  circulation.  Take  again,  for  example,  the 
infiuence  of  a  narcotic  poison;  it  occasions  torpidity,  first  of  the  brain,  and 
then  of  the  medulla  oblongata.  So  long  as  its  action  is  confined  to  the 
brain,  the  general  train  of  vital  operations  is  no  more  disturbed,  than  it  is 
in  profound  sleep;  but  as  soon  as  it  affects  the  medulla  oblongata,  the  respi- 
ratory movements  become  paralyzed  (from  causes  hereafter  to  be  explained) 
and  the  circulation  is  soon  brought  to  a  stand;  and  every  organ  in  the  body 
speedily  loses  its  characteristic  properties,  by  the  commencement  of  che- 
mical changes  in  its  composition.  But,  if  the  respiration  be  artificially 
sustained,  the  circiilation  will  continue,  and  all  the  processes  of  nutrition, 
secretion,  Sic,  to  which  it  is  subservient,  will  be  performed  with  little 
interruption.  Hence  the  cessation  of  the  whole  train,  which  would  other- 
wise ensue,  and  the  loss  of  vitality  of  the  general  structure,  are  due  to  the 
local  change  produced  by  the  morbific  cause;  and  the  same  may  be  traced^ 
though  not  always  so  evidently,  in  a  variety  of  other  instances. 

75.  If  we  consider  the  actions  exhibited  by  any  living  being,  in  which 
they  are  sufi&ciently  complex  and  numerous  to  admit  of  being  classified,  we 
shall  perceive  that  they  may  be  associated  into  groups,  termed  Functxoni^ 
of  which  every  one,  taken  as  a  whole,  has  some  positive  and  determinate 
purpose.  Thus,  one  of  the  most  universal  of  all  the  changes  necessary  to 
the  existence  of  a  living  being,  is  the  exposure  of  its  nutritious  fluid  to  the 
air,  by  the  action  of  which  upon  it  certain  alterations  are  effected.  For  this 
aeration,  simple  as  the  change  appears,  many  provisions  are  required.  In 
the  first  place,  there  must  be  an  aerating  surface,  consisting  of  a  tliin  mem- 
brane, on  the  one  side  of  which  the  blood  may  be  spread  out,  whilst  the  air 
is  in  contact  with  the  other.  Then  there  must  be  a  provision  for  continually 
renewing  the  blood  which  is  brought  to  this  surface,  in  order  that  the  whole 
mass  of  fluid  may  be  equally  benefited  by  the  process.  And,  in  like  man* 
ner,  the  stratum  of  air  must  also  be  renewed,  as  frequently  as  its  constituents 
have  undergone  any  essential  change.  We  include,  therefore,  in  speaking 
of  the  Function  of  Respiration,  not  only  the  actual  aerating  process,  bul 
also  the  various  changes  which  are  necessary  to  carry  this  into  effect,  and 
which  have  it  for  their  obvious  purpose. 

76.  On  further  examining  and  comparing  these  Functions,  we  find  that 
they  are  themselves  capable  of  some  degree  of  classification.  Indeed  the 
distinction  between  the  groups  into  which  they  may  be  arranged,  is  one  of 
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•  essential  importance  in  Animal  Physiology.  If  we  contemplate  the  history 
of  the  Life  of  a  Plant,  we  perceive  that  it  grows  from  a  germ  to  a  fabric  of 
sometimes  gigantic  size, — generates  a  large  quantity  of  organized  structure, 
and  many  organic  compounds,  which  form  the  products  of  secretion  but 
do  not  undergo  organization, — multiplies  its  species,  by  the  production  of 
germs  similar  to  that  from  which  it  originated, — but  that  it  performs  all 
these  complex  operations,  without  (so  far  as  we  can  perceive)  either  feeling 
or  thinking,  without  consciousness  or  will.  All  the  functions  of  which  its 
Life  18  composed,  are,  therefore,  grouped  together  under  the  general  desig- 
nation of  Functions  of  Organic  or  Vegetative  life;  and  they  are  subdivided 
into  those  concerned  in  the  maintenance  of  the  structure  of  the  individual, 
which  are  termed  those  of  Nutrition, — and  those  to  which  the  Reproduc- 
tion of  the  species  is  due.  The  functions  of  Nutrition  may  be  thus  gene- 
rally described.  The  first  part  of  the  process  is  the  Msorption  of  nutriment 
from  without.  This  is  carried  by  Circulation  to  the  parts  of  the  structure 
distant  from  those  at  which  it  was  absorbed.  At  some  of  these  parts,  the 
absorbed  fluid  is  brought  into  relation  with  the  air,  by  which  certain  changes 
are  effected  in  its  constitution;  these  may  be  included  under  the  general 
term  Aeration,  only  a  part  of  them  being  analogous  to  the  Respiration  of 
Animals.  Having  undergone  these  changes,  and  lost  a  considerable  part 
of  its  superfluous  water  by  the  process  o{  Exhalation,  the  alimentary  fluid 
is  prepared  to  be  applied  to  its  various  purposes  in  the  system;  and,  being 
carried  through  the  fabric  by  the  Circulation,  it  becomes  subservient  to  the 
Nutrition  and  extension  of  the  fabric,  and  to  the  formation  of  various  pro- 
ducts of  Secretion,  It  also  affords  the  means,  to  the  organs  of  Reproduc- 
tion, of  the  performance  of  their  functions;  since  a  new  germ  cannot  be 
formed,  any  more  than  the  parent  structure  can  be  extended,  without 
Ofganizable  materials  prepared  by  the  foregoing  processes,  and  supplied  to 
the  parts  where  active  changes  are  going  on. 

77.  On  analyzing  the  operations  which  take  place  in  the  Animal  body, 
we  find  that  a  large  number  of  them  are  essentially  the  same  in  character, 
differing  only  in  the  particular  conditions  under  which  they  are  performed; 
and  that  we  may,  in  fact,  separate  with  great  distinctness  the  Organic  func- 
tions, which  are  directly  concerned  in  the  maintenance  of  the  fabric,  from 
those  of  Animal  life,  the  chief  purpose  of  which  is  entirely  different.  In 
commencing  the  survey  of  these,  we  must  revert  to  what  has  been  already 
said  in  regard  to  the  nature  of  the  food  of  Animals,  and  the  means  by  which 
it  u  prepared  to  be  applied  to  the  wants  of  their  system  (§14).  Not  being 
received  (in  general  at  least)  in  any  but  the  solid  form,  it  has  to  be  reduced 
to  the  fluid  state,  before  it  can  be  introduced  by  absorption  into  the  system: 
this  reduction  is  termed  Digestion;  and  it  must  be  regarded  as  not  merely 
a  process  of  mechanical  separation  or  solution,  but  as  one  of  chemical 
change,  since  it  tends  to  the  production  of  a  compound,  albumen,  which 
might  not  have  previously  existed  in  the  food.  By  a  part  of  the  same  pro- 
cess, a  certain  degree  of  separation  is  effected,  between  the  portion  of  the 
reduced  aliment  which  is  fit  for  absorption,  and  that  which  is  not  adapted 
to  serve  any  purpose  in  the  economy;  and  the  latter,  together  with  certain 
products  of  secretion,  which  it  is  equally  desirable  to  get  rid  of  completely, 
is  at  once  cast  out  of  the  system.  The  alimentary  fluid  is,  then,  taken  up 
by  Jibsorption,  through  the  lacteal  vessels  spread  out  upon  the  walls  of  the 
itomach  and  intestinal  tube,  precisely  in  the  same  manner  as  it  is  received 
into  Plants  through  their  roots  distributed  through  the  soil:  hence  the  earth 
has  been  not  unaptly  designated  as  the  common  stomach  of  Plants,  and 
Animals  have  been  said  to  carry  their  soil  about  with  them.  The  absorbed 
10 
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floid,  having  been  introduced  into  the  general  current  of  the  Circulation,  is 
first  carried  to  the  Respiratory  organs,  where  it  is  exposed  to  the  action  of 
the  air;  and  it  is  then  transmitted  to  the  system,  for  the  purposes  of  Nutri- 
tion, Secretion,  and  Reproduction.  So  far,  then,  the  functions  of  the 
Animal  system  coincide  with  those  of  the  Plant.  The  Organic  functions 
of  the  former,  however,  have  a  purpose  or  object  superadded  to  that  which 
they  perform  in  the  latter,  where  their  only  end  seems  to  be  the  production 
and  maintenance  of  the  individual  fabric,  and  the  continuance  of  the  race. 
They  are  made  subservient  in  Animals  to  those  functions  by  which  they 
are  peculiarly  characterized,— -namely.  Sensation^  and  Voluntary  Motion; 
all  the  instruments  of  these  operations  being  maintained,  like  the  rest  of  the 
organic  structure,  in  a  state  fit  for  activity,  by  the  processes  of  Nutrition, 
which  are  performed  on  the  same  plan  in  them  as  in  other  parts. 

78.  The  degree  in  which  the  operations  of  the  Mind  itself  are  dependent 
upon  its  material  instruments,  is  a  question  which  cannot  be  regsirded  as 
conclusively  determined  by  scientific  evidence  alone;  and  it  has  little  prac- 
tical bearing  on  Physiological  research.  The  doctrine  usually  regarded  as 
having  the  best  Scriptural  basis,— -that  the  mind  has  an  existence  altogether 
distinct  from  that  of  the  body,— is  attended  with  several  difficulties,  of 
which  those  arising  out  of  the  phenomena  of  Insanity  are  perhaps  the  most 
important.  On  the  other  hand,  the  opinion  held  by  some,  that  mental  phe- 
nomena are  the  mere  results  of  material  changes,  appears  to  involve  diffi- 
culties at  least  equal;  amongst  which  may  be  noticed  the  consciousness  of 
personal  identity,  preserved  throughout  the  continual  and  rapid  changes  to 
which  the  Nervous  structure  is  subject.  The  assertion,  however,  that 
psychical  operations  cannot  be  the  result  of  material  changes,  is  based  on 
the  assumption,  that  we  know  far  more  of  the  essential  characters  of  both* 
than  is  admitted  by  the  best  Metaphysicians  to  be  the  case  regarding  either. 
This  is  one  of  the  questions  which  scarcely  comes  within  the  boundaries  of 
mere  human  knowledge.  Neither  hypothesis  is  inconsistent  with  the  Re- 
vealed doctrine  of  the  Immortality  of  the  Soul;  though  the  second  could 
not  be  made  to  conform  to  it,  without  the  additional  supposition  that  some 
refined  form  of  matter,  on  which  psychical  operations  essentially  depend* 
has  also  an  eternal  existence;  and  the  upholders  of  this  doctrine  seek  a 
confirmation  of  it  in  the  expression  **  spiritual  body,'*  used  by  an  authority 
which  is  all  but  supreme.  The  certainty  of  a  future  existence,  in  which  all 
that  is  corruptible  shall  be  done  away,  is  the  grand  practical  fact  for  the 
Christian;  on  the  mode  of  it  the  philosopher  may  speculate;  and,  even 
though  he  may  come  to  the  conclusion  that  **  Mind  and  Matter  are  logically 
distinct  existences,*'  yet  he  finds  their  operations  so  inextricably  interwoven 
in  the  phenomena  of  Man's  terrestrial  life,  that  he  cannot  pursue  either  class 
of  phenomena  by  itself  alone.  The  Physiologist,  therefore,  will  enter  upon 
the  inquiry  with  the  best  prospect  of  success,  who  is  untrammelled  by  any 
preformed  opinions,  and  who  is  ready  to  form  his  deductions  from  the  facts 
presented  to  his  notice. 

70.  That  a  very  close  relation  may  be  traced  between  the  variety  and 
importance  of  the  psychical  phenomena  of  difierent  classes  of  animals,  and 
the  complexity  and  size  of  their  material  instruments,  all  must  admit;  audit 
seems  difficult,  on  the  supposition  of  the  completely  distinct  existence  of 
Mind,  to  separate  the  phenomena  to  which  organic  changes  are  and  mutt 
be  essential,  from  such  as  do  not  require  these  for  their  production.  For  \^ 
example,  it  is  universally  admitted  that  the  mind  cannot  become  cognizant  ^^ 
of  any  imipression  made  by  an  object  external  to  it,  except  through  tho  ^  •" 
medium  of  a  material  change,  commencing  in  the  organ  of  sense,  and  pro*  V^ 
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pagated  to  tlie  central  sensorium;  and  yet  of  the  absolute  nature  of  this 
change  we  know  nothing.  Now  the  Sensation  thus  produced  cannot  give 
rise  (as  will  be  shown  hereafter  $  288)  to  a  Perception, — the  formation  of 
an  elementary  notion  of  the  nature  of  the  object  causing  the  impression,-^ 
withoat  a  series  of  changes  in  which  Memory,  Association,  Judgment,  ^c. 
ire  involved.  Memory  seems  clearly  the  result  of  the  permanency  of  the 
material  change  effected  by  the  sensation;  for  it  is  peculiarly  liable  to  be 
affected  by  disorders  or  injuries  of  the  brain,  which  do  not  impair  that 
power  of  Comparison,  and  perception  of  Causation,  by  which  the  Reason* 
ing  faculty  works  upon  the  materials  submitted  to  it.  If  Memory  be  thus 
connected  with  organic  changes,  the  power  of  mental  Conception,  which  is 
dependent  open  the  renewal  of  the  state  immediately  produced  by  Sensation 
and  Perception,  is  scarcely  to  be  separated  from  them.  Now  it  seems  im- 
possible to  draw  a  distinct  line  between  these  operations,  on  the  one  hand, 
and  the  power  of  Imagination,  which  derives  most  or  all  of  its  materials 
from  Conception,  and  the  Reasoning  Faculties,  which  are  still  more  closely 
dependent  upon  impressions  made  from  without,  on  the  other.  For  the 
phenomena  of  Insanity  are  continually  presenting  to  us  instances  of  the 
disorder  of  these  powers,  without  any  corresponding  disorder  of  the  opera- 
tions which  intervene  between  them  and  the  external  world;  and  such  dis- 
order is  oAen  (perhaps  uniformly)  coincident  with  some  morbid  condition 
of  the  brain.  In  regard  to  the  Moral  Feelings  and  Emotions,  again,  it  would 
teem  equally  impossible  to  separate  these  by  a  distinct  line  from  the  lower 
passioiui  and  instinctive  propensities,  which  are  so  closely  connected  with 
material  changes,  as  not  to  be  distinguishable  from  them;  and  the  daily  ex- 
perience, even  of  a  person  in  ordinary  health,  reveals  to  him  how  strongly 
the  emotional  conditions  of  the  mind  are  influenced  by  the  state  of  the 
organic  functions;  and  how  powerfully,  on  the  other  hand,  the  latter  are 
meted  on  by  the  former.  These,  being  phenomena  which  strictly  form  a 
part  of  the  Life  of  Man,  evidently  belong  to  the  domain  of  the  Physiologist; 
and  no  speculative  views  can  (or,  at  least,  ought  to)  affect  our  reasoning 
firom  facts. 

80.  The  operations  of  the  Mind  and  its  instruments,  taken  collectively, 
constitute  what  are  known  as  the  Functions  of  Animal  Life,  Those  most 
obviously  connected  with  the  bodily  fabric,  are  Sensation  and  spontaneous 
Motion;  for  these  wc  find  special  instruments  provided, — the  organs  of 
lense,  and  the  muscular  apparatus.  Both  these,  with  the  nervous  system 
itself,  are  composed,  like  other  parts  of  the  fabric,  of  organized  structure, 
which  does  not  differ  essentially  from  that  of  the  apparatus  of  Vegetative 
life,  either  in  the  mode  of  its  first  production,  or  in  that  in  which  its  integ- 
rity is  maintained,  and  its  activity  preserved.  The  conditions  requisite  for 
these  objects  will  be  presently  discussed.  But,  although  the  functions  of 
Animal  life  may  be  regarded  as  in  themselves  completely  isolated  from 
those  of  Organic  life, — the  latter  merely  supplying  the  conditions  of  the 
Ibnner,  by  keeping  (so  to  speak)  their  instruments  in  good  order, — yet  there 
are  certain  links  of  connection  between  the  two,  which  render  the  latter 
equally  dependent  on  the  former.  Thus,  in  regard  to  the  acquisition  of 
food,  the  Animal  has  to  make  use  of  its  senses,  its  psychical  faculties,  and 
its  power  of  locomotion,  to  obtain  that,  which  the  Plant,  from  the  different 
provision  made  for  its  support,  can  derive  without  any  such  assistance. 
Moreover,  the  propulsion  of  the  food  along  the  alimentary  canal  is  effected 
by  a  series  of  operations,  in  which  the  Nervous  and  Muscular  systems  are 
involved  at  the  two  extremes,  simple  Muscular  contractility  being  alone 
employed  through  the  greater  part  of  the  intestinal  canal.   Thus,  the  change 
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in  the  condition  required  for  the  ingestion  of  food  by  Animals,  has  rendered 
necessary  the  introduction  of  an  additional  element  in  the  apparatus,  to 
which  nothing  comparable  was  to  be  found  in  Plants.  Again,  in  the  func- 
tion of  Respiration,  as  performed  in  the  higher  Animals,  the  Nervous  and 
Muscular  systems  are  alike  involved;  for  the  movements  by  which  Uie  air 
in  the  lungs  is  being  continually  renewed,  are  dependent  upon  the  action  of 
both;  and  those  by  which  the  blood  is  propelled  through  the  respiratory 
organs,  are  chiefly  occasioned  by  the  contractility  of  a  muscular  organ, — 
the  heart.  But  in  regard  to  the  simple  contractility  of  muscular  fibre,  upon 
a  stimulus  directly  applied  to  it,  which  is  the  agent  in  the  movements  of  the 
heart  and  of  the  alimentary  canal,  it  may  be  remarked  that  it  does  not  differ 
in  any  essential  degree  from  that  which  is  witnessed  in  many  Vegetables; 
and  that  it,  therefore,  strictly  belongs  to  the  functions  of  Organic  life.  And 
with  respect  to  those  concerned  in  the  act  of  Respiration,  as  well  as  those 
which  govern  the  two  orifices  of  the  alimentary  tube,  it  will  hereafter  ap- 
pear that  they  result,  equally  with  the  former,  from  the  application  of  a 
stimulus;  and  that  they  may  be  performed  without  any  consciousness  on 
tlie  part  of  the  individual  (though  ordinarily  accompanied  by  it): — ^the  dif- 
ference being,  that  in  the  former  the  stimulus  is  applied  to  the  contractile 
part  itself,  whilst  in  the  latter  it  is  applied  to  an  organ  with  which  this  is 
connected  by  nerves  only.  Now  we  have,  even  in  Vegetables,  instances 
of  the  propagation  of  an  irritation  from  one  part  to  another,  so  that  a  motion 
results  in  a  part  distant  from  that  stimulated, — as  in  the  case  of  the  Sensi- 
tive Plant  or  Venus's  Fly-trap:  the  only  difference,  therefore,  between  the 
movements  of  Animals  which  are  thus  closely  connected  with  the  mainte- 
nance of  the  organic  functions,  and  those  of  Plants,  consists  in  the  medium 
through  which  they  are  performed, — this  being  in  Animals  the  Nervous  and 
Muscular  apparatus,  whilst  in  Plants  it  is  only  a  peculiar  modification  of 
the  ordinary  structure. 

81.  From  what  has  been  said,  then,  it  appears  that  all  the  functions  of 
the  Animal  body  are  so  completely  bound  up  together,  that  none  can  be 
suspended  without  the  cessation  of  the  rest.  The  properties  of  all  the 
tissues  and  organs  are  dependent  upon  their  regular  Nutrition  by  a  due  sup- 
ply of  perfectly  elaborated  blood;  this  cannot  be  effected  unless  the  functions 
of  Circulation,  Respiration,  and  Secretion,  be  performed  with  regularity, — 
the  first  being  necessary  to  convey  the  supply  of  nutritious  fluid,  and  the 
two  latter  to  separate  it  from  its  impurities.  The  Respiration  cannot  be 
maintained  without  the  integrity  of  a  certain  part  of  the  nervous  system; 
and  tlie  due  action  of  this,  again,  is  dependent  upon  its  regular  nutrition. 
The  materials  necessary  for  the  replacement  of  those  continually  separated 
from  the  blood,  can  only  be  derived  by  the  Absorption  of  ingested  aliment; 
and  this  cannot  be  accomplished  without  the  preliminary  process  of  Diges- 
tion. The  introduction  of  food  into  the  stomach,  again,  is  dependent,  like 
the  actions  of  Respiration,  upon  the  operations  of  the  muscular  apparatus 
and  of  a  part  of  the  nervous  centres;  and  the  previous  acquirement  of  food 
necessarily  involves  the  purely  Animal  powers.  Now  it  will  serve  to  show 
the  distinction  between  these  powers,  and  those  which  are  merely  sub- 
servient to  Organic  life,  if  we  advert  to  tlie  case,  which  is  of  no  unfrequcnl 
occurrence,  of  a  human  being,  deprived,  by  some  morbid  condition  of  the 
brain,  of  ail  the  powers  of  Animal  life, — Sensation,  Thought,  Volition,  Slc; 
and  yet  capable  of  maintaining  a  vegetative  existence, — all  the  organic 
functions  going  on  as  usual,  the  morbid  condition  not  having  affected  that 
division  of  the  nervous  system  which  is  concerned  in  the  movements  on 
which  some  of  them  depend.     It  is  evident  that  wc  can  assign  no  definite 
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limits  to  sach  a  state,  so  long  as  the  necessary  food  is  placed  within  reach 
of  the  grasp  of  the  muscles  that  will  convey  it  into  the  stomach:  as  a  matter 
of  fact,  however,  it  is  seldom  of  long  continuance;  since  the  disordered  state 
of  the  brain  is  sure  to  extend  itself,  sooner  or  later,  to  the  rest  of  the  nervous 
system.  This  condition  may  be  experimentally  imitated,  however,  by  the 
removal  of  the  brain,  in  many  of  the  lower  animals,  whose  bodies  will  sus- 
ttin  life  for  many  months  after  such  a  mutilation;  but  this  can  only  take 
place,  when  that  food  is  conveyed  by  external  agency,  within  the  pharynx, 
which  they  would,  if  in  their  natural  condition,  have  obtained  for  themselves. 
A  similar  experiment  is  sometimes  made  by  Nature  for  the  Physiologist, 
in  the  production  of  foetuses,  as  well  of  the  human  as  of  other  species,  in 
which  the  brain  is  absent;  these  can  breathe  and  suck  and  swallow,  and 
perfoim  all  their  organic  functions;  and  there  is  no  assignable  limit  to  their 
existeDce,  so  long  as  they  are  duly  supplied  with  food.  Hence  wc  may 
learn  the  exact  nature  of  the  dependence  of  the  Organic  functions  upon 
those  of  purely  Animal  life;  and  we  perceive  that,  though  less  immediate 
than  it  is  upon  the  simply  organic  operations  of  the  nervous  and  muscular 
systems,  it  is  not  less  complete.  On  the  other  hand,  the  functions  of  Ani- 
mal life  are  even  more  closely  dependent  upon  the  Nutritive  actions,  than 
are  those  of  organic  life  in  general;  for  many  tissues  will  retain  their  several 
properties,  and  their  power  of  growth  and  extension,  for  a  much  longer 
period  aAer  a  general  interruption  of  the  circulation,  than  will  the  Nervous 
itroctore,  which  is,  indeed,  instantaneously  affected  by  a  cessation  of  the 
doe  supply  of  blood,  or  by  the  depravation  of  its  quality. 

82.  It  is  of  little  consequence,  then,  with  which  group  of  functions  we 
eommence  the  detailed  study  of  the  phenomena,  which  in  their  totality 
make  up  the  life  of  Man.  In  viewing  him  merely  as  one  of  the  widely 
extended  gproup  of  organized  beings,  it  would  be  natural  to  commence  with 
those  phenomena  which  are  common  to  all;  and  to  make,  therefore,  the 
Organic  functions  the  first  object  of  our  consideration.  On  the  other  hand, 
regarding  Man  as  a  being  in  some  degree  isolated  from  all  these  by  his  pe- 
culiar characteristics,  it  seems  right  to  inquire  into  the  latter  in  the  first 
instance;  more  especially  as,  in  a  general  view  of  his  life,  these  occupy  the 
most  prominent  place.  It  will  be  necessary,  however,  previously  to  entering 
upon  these,  to  take  a  more  detailed  survey  than  we  have  hitherto  done,  of 
the  vital  operations  performed  by  his  several  organs,  and  of  their  connec- 
tions with  each  other.     We  shall  commence  with  those  of  Vegetative  Life. 

Functions  of  Vegetative  Life. 

83.  It  is  one  of  the  most  peculiar  characteristics  of  organized  structure, 
^t  its  elements  have  a  constant  tendency  (under  ordinary  circumstances 
at  least)  to  separate  into  more  simple  combinations;  and,  although  it  has 
been  ordinarily  considered  that  their  living  state  prevents  such  a  change, 
and  that  they  have  no  tendency  to  it  except  when  dead,  reason  will  hereafter 
be  given  for  the  belief  that  no  such  distinction  exists.  The  maintenance 
of  the  vital  properties  of  all  organized  structure,  then,  requires  either  that 
this  structure  should  be  completely  secluded  from  air,  moisture,  warmth, 
and  other  agents  which  tend  to  its  decomposition;  or  that  it  should  be  re- 
newed as  fast  as  it  decays.  Now  the  exclusion  of  these  decomposing  agents 
would  prevent  any  vital  actions  from  being  called  into  operation;  for  they 
are  the  ordinary  stimuli  which  are  necessary  to  them.  For  instance,  a  seed 
which  is  buried  so  deep  in  the  soil  as  to  be  exchided  from  the  contact  of  air, 
and  from  the  warmth  of  the  sun,  will  not  vegetate,  although  it  may  retain 
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its  power  of  germinating  when  placed  in  more  favourable  circumstances.  It 
is  obviously  necessary,  then,  that  a  provision  should  be  made  for  removing 
from  the  organism,  whilst  in  a  state  of  activity,  all  those  particles  which  are 
manifesting  an  incipient  tendency  to  decay,  and  are  thus  losing  their  vital 
properties;  and  for  replacing  these  by  newly  combined  particles,  which  in 
their  turn  undergo  the  same  process.  Thus  we  find  that,  in  the  softest 
parts  of  the  Animal  framework,  as  in  those  of  the  Plant,  there  is  much  less 
permanency  than  there  is  in  those  harder  and  more  solid  portions,  which 
often  seem  altogether  to  defy  the  lapse  of  time.  Now  it  is  in  the  former 
that  the  most  active  vital  changes  take  place,  those  of  the  nervous  system, 
for  example;  whilst  of  the  latter  the  function  is  chiefly,  if  not  entirely,  that 
of  giving  mechanical  support  to  the  structure.  The  fact,  which  is  easily 
proved,  that  the  former  organs  are  renewed  many  times,  whilst  the  fabric 
of  the  latter  is  not  once  completely  changed,  shows  a  very  interesting  cor- 
respondence, between  the  degree  in  which  the  action  of  any  organized 
structure  is  removed  from  or  is  similar  to  that  of  a  mere  inorganic  substance, 
and  the  amount  of  tendency  to  decomposition  which  that  structure  exhibits; 
since  this  constant  renewal  can  scarcely  serve  any  other  purpose,  than  that 
of  making  up  for  the  effects  of  decay. 

84.  One  of  the  most  important  purposes  of  the  supply  of  aliment,  there- 
fore, which  all  living  beings  continually  require,  is  the  replacement  of  the 
portions  of  the  fabric  that  are  thus  lost  The  efiects  of  the  process  of  de- 
cay, when  uncompensated  by  that  of  renovation,  are  remarkably  seen  in 
cases  of  starvation;  for  it  is  a  very  constant  indication  of  this  condition, 
that  the  body  exhales  a  putrescent  odour,  even  before  death,  and  that  it 
subsequently  passes  very  rapidly  into  decomposition.  This,  it  may  be 
considered,  is  the  reason  why  a  constant  supply  of  aliment  is  still  required 
for  the  maintenance  of  every  organic  structure,  though  it  may  have  arrived 
at  its  full  growth;  and  it  also  affords  one  source  of  explanation  of  the  fact, 
that  old  people  require  less  food  than  adults,  since  their  tissues  are  more 
consolidated,  and  thus  become  at  the  same  time  unable  to  perform  their 
usual  actions  with  their  pristine  energy,  whilst  their  tendency  to  decompo- 
sition is  less.  In  the  growing  state,  however,  an  additional  important  source 
of  demand  for  food  obviously  exists,  in  the  extension  which  the  tissues 
themselves  are  constantly  receiving;  yet  this,  perhaps,  does  not  make  so 
great  a  difference,  as  it  appears  to  do,  in  the  supply  which  is  requisite.  For 
if  the  addition  which  is  made  by  growth  to  the  body  in  any  given  time,  be 
compared  with  the  amount  of  exchange  which  has  taken  place  in  the  same 
time,— the  latter  being  judged  of  by  the  quantity  of  matter  excreted  from  the 
lungs,  liver,  kidneys,  skin,  &c.,— it  will  be  found  to  bear  but  a  very  small 
proportion  to  it,  except  during  foetal  life,  when  the  growth  is  very  rapid, 
and  a  large  proportion  of  the  effete  particles  are  brought  to  the  maternal 
blood,  to  be  excreted  from  it  The  real  cause  of  the  increased  demand  for 
nutriment  during  the  early  part  of  life  is  rather  this, — that  the  tissues  are 
far  from  having  acquired  that  firmness  and  consolidation  which  they  gain  at 
adult  age;  and  that  they  are,  therefore,  more  prone  to  decomposition,  at  the 
same  time  that  their  vital  activity  is  greater,  as  is  well  known  to  be  the  case. 
The  feeling  of  hunger  or  desire  for  food  originates,  we  shall  hereafter  find 
reason  to  believe,  not  so  much  in  the  stomach  itself  as  in  the  system  at 
large;  of  whose  condition,  in  regard  to  the  requirement  of  an  increased 
supply  of  aliment,  it  may  during  the  state  of  health  be  considered  as  a  pretty 
faithful  index.  The  same  may  be  said  of  thirst  The  feeling  of  hunger, 
then,  is  the  stimulus  to  the  mental  operations  which  have  for  their  object 
the  acquisition  of  food,  whether  these  be  of  a  voluntary  or  of  a  purely  in- 
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itiiictive  kind;  in  Man  they  are  obviously  the  former,  d tiring  all  but  infant 
U(e.   ' 

85.  The  food  received  into  the  mouth,  and  prepared  there  by  the  acts  of 
masdcation  and  insalivation  (the  movements  concerned  in  which  are  depe- 
dent  upon  the  brain,  and  can  only  be  performed  when  it  is  in  a  condition  of 
lome  activity),  is  brought  by  them  within  reach  of  the  pharyngeal  muscles, 
whose  contraction  cannot  be  effected  by  the  will,  but  is  purely  instinctive,-^ 
resulting  merely  from  the  impression  made  upon  the  fauces  by  the  contact 
of  the  substance  swallowed,  which  impression  is  conveyed  to  the  medulla 
oblongata  and  reflected  back  to  the  muscle.  By  these  it  is  propelled  down 
the  (esophagus;  and,  after  their  action  has  ceased,  it  is  taken  up  (as  it  were) 
by  the  muscular  coat  of  the  oesophagus  itself,  and  conveyed  into  the  sto- 
mach. How  far  the  movements  of  the  lower  parts  of  the  oesophagus  and 
of  the  stomach  are  in  Man  dependent  upon  reflex  action,  is  uncertain;  the 
facts  which  have  been  ascertained  on  this  point  by  experiment  on  animals 
will  be  detailed  ii  tiieir  proper  place.  In  the  stomach,  the  food  is  sub- 
jected to  tlie  action  of  the  gastric  secretion;  the  chemical  action  of  which, 
aided  by  the  constantly  elevated  temperature  of  the  interior  of  the  body,  and 
by  the  continual  agitation  eflected  by  the  contractions  of  the  parietes  of  the 
organ,  efl!eclB  a  more  or  less  complete  solution  of  it.  Reason  will  hereafter 
appear  for  the  belief  that,  up  to  this  point,  no  action  peculiarly  vital  is  im- 
mediately concerned  in  the  reduction  of  the  food;  and  that,  if  the  physical 
conditions  of  the  process  could  be  exacdy  imitated  out  of  the  body,  the  re- 
sult would  be  precisely  the  same.  The  mixture  of  the  biliary  and  pancre- 
atic secretions  with  the  chyme  thus  produced,  occasions  a  separation  of  its 
elements  into  those  adapted  for  nutrition,  and  those  of  which  the  character 
if  excrementitious;  and  this  separation  cau  scarcely  be  regarded  in  aqy 
other  light  than  as  a  chemical  precipitation.  The  nutritious  portion  is  then 
taken  up  by  the  Absorbent  vessels,  or  Lacteals,  which  are  distributed  on 
the  walls  of  the  alimentary  canal;  whilst  the  remainder  is  propelled  along 
the  intestinal  tube  by  the  simple  contractility  of  its  walls,  undergoing  at  the 
same  time  some  further  change,  by  which  the  nutritive  materials  are  still 
more  completely  extracted  from  it.  And  at  last,  the  excrementitious  matter, 
consisting  not  only  of  a  portion  of  the  food  taken  into  the  stomach,  but  also 
of  part  of  the  secretion  of  the  liver  and  of  that  of  the  mucous  surface  of  the 
intestines,  is  voided  from  the  opposite  extremity  of  the  canal,  by  a  muscular 
exertion*  which  is  partly  reflex,  like  that  of  deglutition,  but  is  partly  volun- 
tary; especially  (as  it  would  appear)  in  Man. 

86.  The  nutritious  fluid  taken  into  the  absorbents,  which  now  receives 
the  name  of  Chyle,  is  propelled  through  them  by  the  contractility  of  their 
walls,  aided  in  part,  perhaps,  by  a  vis  a  tergo  derived  from  the  force  of  the 
absorption  itself.  This  force  exists  to  a  considerable  extent  in  the  roots  of 
Plants,  and  evidently  depends  on  the  physical  law  of  Endosmose;  but  it 
is  quite  uncertain  how  far  the  process  of  Absorption  in  Animals  depends  on 
the  same  principles.  Widi  the  reception  of  the  nutritious  fluid  into  the 
absorbent  vessels,  commences  its  real  preparation  for  organization.  Up  to 
that  period,  it  cannot  be  said  to  be  in  any  degree  vitalized;  the  changes 
which  it  has  undergone  being  only  of  a  chemical  and  physical  nature,  and 
such  as  mereiy  prepare  it  for  subsequent  assimilation.  But  in  its  passage 
through  the  long  and  tortuous  system  of  absorbent  vessels  and  glands,  it 
nndergoes  changes  which,  with  little  chemical  difference,  manifest  them- 
selves by  a  decided  alteration  in  its  properties;  so  that  the  chyle  of  the 
thoracic  duct  is  evidendy  a  very  different  fluid  from  the  chyle  of  the  lacteals, 
approaching  much  nearer  to  blood  in  its  general  characters.    These  charac- 
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ters  are  such  as  indicate  that  the  process  of  organization  and  vitalization  has 
commenced;  as  may  be  known  alike  from  the  microscopic  appearance  of 
the  fluid,  and  from  the  actions  it  performs  when  removed  from  the  body. 
It  is  then  conveyed  into  the  Sanguiferous  system  of  vessels,  and  flows 
directly  to  the  heart,  by  which  it  is  transmitted,  with  the  mass  of  the  bloodt 
to  the  lungs.  It  there  has  the  opportunity  of  excreting  its  superfluous  car- 
bonic acid,  and  of  absorbing  oxygen;  and  probably  acquires  gradually  the 
properties  by  which  the  blood  previously  formed  is  distinguished,  and  thus 
becomes  the  pabulum  vitss  for  the  whole  system. 

87.  The  Circulation  of  the  Blood  through  the  tissues  and  organs  which 
it  is  destined  to  support,  is  a  process  evidently  necessary  for  the  convey- 
ance to  them  of  the  nutritious  materials  which  are  provided  for  the  repair 
of  their  waste,  and  for  the  removal  of  those  elements  of  their  fabric  which 
are  in  a  state  of  incipient  decomposition.  In  the  lowest  classes  of  organ- 
ized beings,  every  portion  of  the  structure  is  in  direct  relation  with  its 
nutritive  materials;  it  can  absorb  for  itself  that  which  is  required,  and  it  can 
readily  part  with  that  of  which  it  is  desirable  to  get  rid.  Hence  in  such, 
no  general  circulation  is  necessary.  In  Man,  on  the  other  hand,  the  diges- 
tive cavity  occupies  so  small  a  portion  of  the  body,  that  the  organs  at  a  dis- 
tance from  it  have  no  other  means,  than  their  vascular  communication 
affords,  of  participating  in  the  results  of  its  operations;  and  it  is  moreover 
necessary,  that  they  should  be  continually  furnished  with  the  organizable 
materials,  of  which  the  occasional  operation  of  the  digestive  process  would 
otherwise  afford  only  an  intermitting  supply.  This  is  especially  the  case, 
as  already  mentioned,  with  the  nervous  system,  which  is  so  predominant  a 
feature  in  the  constitution  of  Man;  and  we  accordingly  find  both  objects 
provided  for,  in  the  formation  of  a  large  quantity  of  a  semi-organized  pro- 
duct, which  contains  within  itself  the  materials  of  all  the  tissues,  and  is 
constantly  being  carried  into  relation  with  them.  Blood  has  been  not  unaptly 
termed  chair  coulante^  or  liquid  flesh;  and  although  it  has  been  heretofore 
much  questioned,  whether  it  could  be  regarded  as  either  organized  or  en- 
dowed with  vital  properties,  there  will  hereafter  appear  to  be  sufficient  rea- 
son for  admitting,  that  this  is  the  case  to  a  very  considerable  extent.  The 
propulsion  of  the  blood  through  the  large  trunks,  which  subsequently  divide 
into  capillary  vessels,  is  due  to  the  contractions  of  a  hollow  muscular  organ, 
the  heart;  but  these,  like  the  peristaltic  movements  of  the  alimentary  canals 
are  quite  independent  of  (though  frequently  influenced  by)  the  agency  of 
the  nervous  system;  and  are  therefore  to  be  referred  to  the  class  of  organic 
movements,  such  as  occur  in  Vegetables. 

88.  Upon  the  circulation  of  the  blood  through  all  parts  of  the  fabric,  de- 
pends in  the  first  place  the  Nutrition  of  the  tissues.  Upon  this  subject, 
formerly  involved  in  the  greatest  obscurity,  much  light  has  recently  been 
thrown.  In  the  lowest  classes  of  Plants  and  Animals,  the  whole  or  the 
greatest  part  of  the  fabric  is  composed  of  vesicles  or  cells  aggregated 
together,  each  of  which  has  a  certain  degree  of  independent  vitality,  and 
can  live  to  a  great  extent  by  itself  alone,  if  duly  supplied  with  nutriment. 
These  cells  differ  but  little  from  each  other  in  structure  and  endowment; 
and  the  whole  mass  approaches  far  more  nearly,  therefore,  to  the  homoge- 
neous character  of  inorganic  bodies,  than  does  that  of  beings  more  elevated 
in  the  scale.  This  is  precisely  the  condition  of  the  embryonic  structure  of 
the  highest  Animals  at  an  early  period  of  their  existence.  Now  in  such 
fabrics,  there  is  no  distinct  vascular  system.  Every  cell  absorbs,  either 
from  the  surrounding  nutritious  materials  with  which  it  may  be  itself  in 
contact,  or  from  other  cells  in  nearer  proximity  to  these,  the  aliment  it 


FUNCTIONS  OF  VEGETATIVE  LIFE.  81 

reqoires  for  its  own  growth  and  reproduction;  and  performs  all  its  vital  pro- 
cesses with  little  direct  influence  from  any  general  controlling  power.   The 
extension  of  the  individual  structure  is  partly  effected  by  the  enlargement 
of  its  original  vesicles;  but  principally  by  the  generation  of  new  ones 
vitfain  these;  and  the  latter  in  their  turn  go  through  the  same  processes. 
In  the  higher  Plants,  however,  we  find  a  greater  variety  of  tissues,  which 
all  take  their  origin,  however,  in  cells.     The  straight  tubes,  for  instance, 
which  convey  the  sap  from  the  roots  to  the  leaves,  were  evidently  at  first  a 
line  of  large  cells,  laid  end  to  end,  the  partitions  between  which  have  broken 
down;  and  the  network  of  anastomosing  vessels,  by  which  the  descending 
or  nutritious  sap  is  conveyed  through  the  tissues,  may  be  traced  to  a  cor- 
responding origin.     The  circulation  of  the  sap  which  thus  regularly  takes 
place,  causes  these  Plants  to  receive  the  name  of  Vascular^  whilst  the  others 
are  designated  as  Cellular;  but  still  it  is  to  be  remembered  that  the  great 
bulk  of  the  structure  in  the  former,  like  the  whole  of  the  latter,  is  composed 
of  vesicular  tissue;  and  that  the  central  part  of  the  islands^  so  to  speak, 
which  are  eomposed  of  this,  in  the  interstices  of  the  vascular  network,  can- 
not be  nourished  in  any  other  way,  than  by  absorption  from  the  cells  which 
surround  them.     In  the  higher  Animals,  the  variety  of  tissues  which  pre- 
sent themselves  in  the  adult  structure,  all  formed  by  a  metamorphosis  from 
the  original  vesicles  of  the  embryo,  is  very  great,  but  these  are  all  nourished, 
in  a  more  or  less  energetic  manner,  by  the  blood  conveyed  to  them  in  the 
network  of  minute  vessels  which  traverses  them.     Still  between  the  reticu- 
lations of  these  vessels,  there  must  necessarily  be  islands  of  solid  tissue  (as 
teen  in  Fig.  44),  of  no  inconsiderable  size;  and  the  central  portions  of  these 
mnst  derive  their  nourishment  from  the  surrounding  cells,  exactly  as  in  the 
humblest  Cellular  Plants.     Moreover  ther^  are  some  tissues  in  which,  in 
the  healthy  state  at  least,  no  very  minute  distribution  of  blood-vessels  can 
be  ascertained  to  exist;  and  in  these  the  cellular  nutrition  must  go  on  to  a 
ecmsiderable  extent.     The  decay  and  renewal  of  such  tissues,  however, 
is  by  no  means  rapid;  and  it  is  only  in  such  as  require  little  change  from 
time  to  time,  and  whose  actions  are  of  a  physical  rather  than  of  a  vital 
character  (such,  for  instance,  as  Cartilage),  that  this  mode  of  nutrition  is 
sufficient. 

89.  In  the  nutrition  of  the  tissues  which  are  already  completely  formed, 
it  seems  probable  that  the  fiuid  portion  of  the  blood  performs  the  chief 
part  The  red  corpuscles  serve  the  important  purpose  of  conveying  oxygen 
from  the  lungs  into  the  interior  of  the  system,  and  of  carrying  away  car- 
bonic acid  from  the  tissues;  since  it  is  evidently  in  them,  that  the  chief 
chemical  changes  effected  by  Respiration  are  produced;  and  the  heat  regu- 
larly maintained  in  any  class  of  animals  bears  a  very  close  proportion  to  the 
quantity  of  red  particles  in  their  blood. 

[Until  a  comparatively  recent  period,  nothing  has  been  known  of  the 
phenomena  of  cell-life  in  animals.  Although  many  isolated  facts  had  been 
ascertained  by  Purkinje,  Valentin,  Henle,  Miiller,  Wagner,  Turpin,  and 
others,  in  regard  to  the  existence  of  nucleated  cells  in  the  solids  and  fluids 
of  the  body,  the  production  of  these  cells  from  pre-existent  nuclei,  and  the 
deTelopment  of  new  cells  within  those  of  a  preceding  generation,  it  was 
Schwann  who  first  gave  expression  to  the  important  generalization,  that 
nucleated  cells  are  the  basis  of  all  animal  as  well  as  vegetable  structures;  a 
doctrine  more  fruitful,  perhaps,  in  novel  results  and  widely-extended  appli- 
cations, than  any  other  in  modern  physiology.  For  whilst  some  of  the 
followers  of  Schwann,  in  the  same  line  of  inquiry,  have  shown  that  certain 
11 
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limitations  are  necessary,  a  few  of  the  tissues  being  produced  more  directly, 
by  the  simple  consolidation  of  the  fluid  plasma  into  fibrillae  and  membranous 
lamellae,  and  some  (as  would  appear  from  Henle's  observations)  being 
formed  by  the  coalescence  of  the  elements  of  cells,  whose  development  into 
cells  has  been  arrested;  other  observers  have  given  an  extension  to  Schwann*8 
doctrines  that  he  could  not  have  himself  anticipated.  For  not  only  does  it 
now  appear  that  nearly  all  the  animal  tissues,  however  great  the  alterations 
they  may  have  undergone  in  structure  and  properties,  have  their  immediate 
origin  in  cells;  but  that  in  animals  as  in  plants,  all  the  changes  in  which 
organic  life  essentially  consists  are  performed  by  cells,  scarcely  distin* 
guishablefrom  each  other  by  any  well-marked  characters, 

[The  author  is  not  aware  that  this  proposition  has  been  yet  stated  in  so 
general  a  form.  In  fact,  many  of  the  data  upon  which  it  is  founded  are  but  of 
very  recent  discovery.  It  may  be  necessary  to  explain  briefly  the  meaning  and 
application  of  this  statement  before  proceeding  to  the  demonstration  of  it.  The 
purely  animal  functions,  those  of  the  nervous  and  muscular  systems,  are  not 
included  in  it;  nor  are  those  of  a  merely  physical  character,  such  as  the  move- 
ment of  fluids  through  canals,  or  the  resistance  and  support  aflbrded  by  the 
solid  and  elastic  tissues.  These  last,  as  in  vegetables,  may  be  regarded  as 
addenda  for  the  purpose  of  supplying  the  conditions  necessary  for  those 
really  vital  operations  in  which  organic  life  essentially  consists.  We  know 
of  no  animal  so  simple  as  the  lowest  cryptogamic  plant;  but  there  is  reason 
to  believe  that  there  are  many  in  which  no  vessels  exist,  their  tissue  being 
everywhere  in  near  contact  with  the  nutrient  fluid,  and  absorbing  directly 
from  it;  and  it  is  certain  that  there  are  many  in  which  a  few  scattered  mus- 
cular  fibres  and  nervous  filaments  constitute  the  only  departure  from  the 
general  type  of  cellular*  tissue.  Here,  then,  there  is  no  difficulty  in  under- 
standing that  all  the  functions  of  organic  life,  absorption,  assimilation,  nu- 
trition, respiration,  secretion,  and  reproduction,  must  be  performed  by  cells. 
Again,  in  the  early  condition  of  the  embryo,  which  is  at  first  nothing  more 
than  a  mass  of  cells,  precisely  the  same  holds  good.  For  some  time,  its 
life  is  entirely  vegetative;  it  absorbs  its  nutriment  by  cells  spread  over  the 
yolk;  and  this  nutriment  is  at  first  applied  solely  to  the  development  of  new 
cells,  some  of  which  gradually  undergo  metamorphosis  into  other  tissues. 
But  the  same  will  be  found  true  of  this  function  in  the  adult  state  of  the 
highest  animal:  for  nutritive  absorption  is  in  it  also  performed  by  cells, 
which  appear  destined  to  this  function  alone.  In  like  manner  it  will  appear 
that  another  set  of  cells  have  for  their  office  the  assimilation  of  the  nutri- 
ment, that  is,  the  preparation  of  it  for  entering  into  the  composition  of  the 
living  organized  body.  Further,  it  seems  certain  that  the  first  development 
of  nearly  all  the  tissues  takes  place  from  cells,  which  are  produced  at  the 
expense  of  this  assimilated  nutriment.  Again,  the  separation  from  the  cir- 
culating fluid  of  these  products  which  are  to  be  cast  oflf  from  it,  is  also 
accomplished  by  cells.  With  regard  to  the  simple  exhalation  of  fluid,  it 
may  be  remarked  that  this,  like  imbibition,  is  a  physical  function,  dependent 
upon  the  permeability  of  membrane;  and  that  the  vital  action  of  cells  is 
therefore  not  necessary  for  it.  The  same  may  perhaps  be  said  of  respira- 
tion; but  we  shall  find  that  in  this  the  action  of  cells  is  concerned.  Lastly 
in  regard  to  reproduction,  it  appears  that  the  essential  part  of  this  proceM 

♦  The  term  cellular  tissue  is  here  applied  to  the  structure  properly  deserving  that 
name,  from  iis  being  composed  of  diNilnct  cells  or  vesicles,  like  the  pareuchyma  of 

Slants.    That  which  has  been  ordinarily  termed  cellular  tissue  id  animals  is  mue^ 
etler  named  fibro-cellular  [or  areolar]  tissue. 
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consists,  among  animals  as  among  plants,  of  the  multiplication  of  cells  un- 
der peculiar  conditions.]] 

90.  The  history  of  the  changes  by  which  one  group  of  cells  is  transformed 
into  bone,  another  into  cartilage,  another  into  nerve,  another  into  muscle,-^ 
and  80  on, — is  extremely  interesting,  and  will  be  given  hereafter  in  as  much 
detail  as  the  limits  of  this  work  permit.     Of  the  reason  why  this  variety  of 
products  should  spring  up,  when  the  cells  in  which  they  all  originate  appear 
to  be  so  exactly  alike,  and  have  themselves  a  common  origin,  no  account 
can  be  given;  and  this  is  one  of  the  most  curious  problems  that  at  present 
offers  itself  for  investigation.     The  important  discoveries,  which  are  here 
briefly  summed  up,  are  not  confined  to  healthy  structures;  for  it  has  been 
ascertained  that  diseased  growths  have  a  similar  origin  and  mode  of  exten- 
lion;  and  that  the  malignant  character,  assigned  to  Cancer,  Fungus  Hsema- 
todes,  and  other  such  productions,  is  to  be  traced  to  the  fact,  that  they  are 
composed  of  cells  which  undergo  little  metamorphosis,  and  retain  their  re- 
productive power;  so  that  from  a  single  cell,  as  from  that  of  a  Vegetable 
Fungus,  a  large  structure  may  rapidly  spring  up,  the  removal  of  which  is 
by  no  means  attended  with  any  certainty  that  it  will  not  speedily  re-appear 
from  some  germs  left  in  the  system. 

91.  The  Independent  character  of  the  cells  in  which  all  organized  tissues 
originate,  might  be  of  itself  a  satisfactory  proof  that,  in  Animals,  as  in  Plants, 
the  actions  of  Nutrition  are  performed  by  the  powers  with  which  they  are 
individaally  endowed;  and  that,  whatever  influence  the  nervous  system  may 
have  upon  them,  they  are  not  in  any  way  essentially  dependent  upon  it. 
Moreover,  there  is  an  evident  improbability  in  the  idea,  '*  that  any  one  of 
tbe  solid  textures  of  the  living  body  should  have  for  its  office,  to  give  to 
any  other  the  power  of  taking  on  any  vital  actions;"  and  the  improbability 
becomes  an  impossibility  when  the  fact  is  made  known,  that  no  formation 
of  nervous  matter  takes  place  in  the  embryonic  structure,  until  the  processes 
of  organic  life  have  been  for  some  lime  in  active  operation.  The  influence 
which  the  Nervous  System  is  known  to  have  upon  the  Function  of  Nutri- 
tion, is  probably  exerted  rather  through  the  medium  of  its  power  of  regu- 
hting  the  diameter  of  the  arteries  and  capillaries,  by  which  it  controls  in 
iome  degree  the  afflux  of  blood,  and  of  affecting  those  preliminary  actions 
on  which  the  quantity  and  quality  of  the  nutritious  fluid  depend,  than  in 
any  more  direct  manner.  At  any  rate,  it  may  be  safely  asserted  that  no 
aueh  proof  of  its  more  direct  influence,  as  is  required  to  counterbalance  the 
manifest  improbability  which  has  been  shown  to  attend  it,  has  yet  been 
given, — all  the  facts  which  have  been  adduced  in  support  of  this  hypothesis 
being  equally  explicable  on  the  other,  which,  being  in  itself  more  probable, 
oo^t  to  be  preferred. 

92.  The  renewal  which  the  various  tissues  of  the  body  are  continually 
ondergoing,  has  for  its  chief  object  the  counteraction  of  the  decay  into  which 
they  wonld  otherwise  speedily  pass;  and  it  is  obviously  required  that  a 
means  should  be  provided  for  conveying  away  the  waste,  as  well  as  for 
wpplying  the  new  material.  This  is  partly  effected  by  the  venous  circula- 
tion, which  takes  up  a  large  part  of  the  products  of  incipient  decomposition, 
and  conveys  them  to  organs  where  they  may  be  separated  and  cast  forth 
from  the  body.  The  first  product  of  the  decay  of  all  organized  structures, 
ifl  carbonic  acid;  and  this  is  the  one  which  is  most  constantly  and  rapidly 
aecamulnting  in  the  system,  and  the  retention  of  which,  therefore,  within 
tbe  body,  is  the  most  injurious.  Accordingly  we  find  two  large  organs 
adapted  to  remove  it,  and  to  both  these  venous  blood  passes,  before  it  is  again 
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sent  through  the  system.  The  function  of  the  Lungs  is  so  important  in 
warm-blooded  animals,  that  a  special  heart  is  provided  for  propelling  the 
blood  through  them,  in  addition  to  that  possessed  by  most  of  the  lower  ani- 
mals, the  function  of  which  is  the  propulsion  of  the  blood  through  the  sys- 
tem. In  these  organs  the  blood  is  subjected  to  the  influence  of  the  atmos- 
phere, by  which  the  carbonic  acid  with  which  it  was  charged,  is  removed 
and  replaced  by  oxygen;  the  introduction  of  this  element  into  the  blood 
seems  necessary  alike  to  maintain  its  general  vivifying  powers,  and  to 
remove  the  carbon  set  free  in  the  tissues,  by  converting  it  into  carbonic 
acid.  This  corresponds  with  the  general  fact,  that  carbonic  acid  cannot  be 
formed  by  decomposition,  at  least  to  any  large  amount,  except  when  the 
decaying  substance  has  oxygen  within  its  reach.  The  continual  formation 
of  carbonic  acid  in  the  tissues  appears  to  have  a  most  important  purpose  in 
the  vital  economy, — that  of  keeping  up  its  temperature  to  a  fixed  standard; 
for  the  union  of  carbon  and  oxygen  in  this  situation  may  be  compared  to  a 
process  of  slow  combustion,  and  it  is  well  known  that,  the  more  energetic 
this  is,  the  higher  is  the  temperature.  Thus  in  Birds,  whose  nutrition  is 
so  active,  and  whose  respiration  is  so  energetic,  the  temperature  is  con- 
stantly maintained  at  a  point  higher  than  that  which  other  animals  ever 
attain,  in  the  healthy  state  at  least;  whilst  in  Reptiles,  which  present  a 
condition  exactly  the  reverse  of  this,  the  temperature  is  scarcely  above  that 
of  the  surrounding  medium.  The  function  of  the  Liver  is,  like  that  of  the 
lungs,  two-fold:-— it  separates  from  the  blood  a  large  quantity  of  the  super- 
fluous carbon  which  it  acquires  by  circulating  through  the  tissues;— -and  it 
combines  that  carbon  with  other  elements,  into  a  secretion,  which,  as  we 
have  seen,  is  of  great  importance  in  the  digestive  process.  The  hepatic 
circulation,  however,  is  not  kept  up  by  a  distinct  impelling  organ;  but  the 
venous  blood  from  the  abdominal  viscera  (and  in  the  lower  Vertebrata  that 
from  the  posterior  part  of  the  body)  passes  through  the  Liver  on  its  return 
to  tlie  heart. 

03.  All  animal  substances  have  a  tendency,  during  their  decomposition, 
to  throw  off  nitrogen,  as  well  as  carbonic  acid;  and  this  nitrogen  may  take 
either  the  form  of  cyanogen,  by  going  off  in  combination  with  carbon,  or  of 
ammonia,  by  uniting  at  the  time  of  its  liberation  with  hydrogen.  The  chief 
function  of  the  kidneys  is  evidently  to  separate  the  azotized  products  of 
decay  from  the  circulating  fluid;  for  the  secretion  which  is  characteristic  of 
them,— namely  urea,— contains  a  larger  proportion  of  nitrogen  than  is  found 
in  any  other  organic  compound;  it  is  identical  in  its  chemical  nature  with 
cyanide  of  ammonia,  and  may  be  considered  as  the  result  of  the  union  of 
these  two  products  of  animal  decomposition.  The  action  of  the  kidneys  it 
equally  essential  to  the  continued  performance  of  the  other  vital  functions, 
with  that  of  the  lungs  and  liver;  since  death  invariably  follows  its  suspen- 
sion, unless  some  other  means  be  provided  by  Nature  (as  occasionally 
happens),  for  the  separation  of  its  characteristic  excretion  from  the  circiH 
lating  blood.  But  death  does  not  so  speedily  ensue,  when  the  functional 
action  of  the  liver  and  the  kidneys  is  suspended,  as  when  that  of  the  lunn 
is  checked;  and  for  this  obvious  reason, — that  only  a  part  of  the  whole 
current  of  blood  flows  through  the  former  organs,  and  that,  although  a  dis- 
turbance of  the  usual  course  of  the  circulation  must  ensue  from  a  stagnation 
of  the  flow  through  them,  it  is  not  from  this  cause  brought  to  a  stand;  whilst, 
in  the  case  of  the  lungs,  the  fact  that  the  whole  of  the  blood  is  sent  to  them» 
before  it  can  be  again  impelled  through  the  body,  necessitates  the  imme- 
diate cessation  of  the  systemic  circulation,  when  the  pulmonary  has  been 
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checked.  In  the  class  of  Reptiles,  the  lungs  are  on  somewhat  of  the  same 
footing  with  the  liver  and  kidneys  in  warm-blooded  Vertebrata, — that  is,  only 
a  part  of  the  blood  which  has  returned  from  the  system  is  transmitted 
through  them,  before  being  again  propelled  through  the  body;  and,  accord- 
kigly,  the  interruption  of  the  pulmonary  circulation  does  not  in  them  involve 
immediate  death.  Indeed  in  the  naked-skinned  Batrachia,  the  cutaneous 
furface  has  enough  respiratory  power  to  effect  that  degree  of  aeration  of  tlie 
blood,  which  is  necessary  whilst  the  temperature  is  low,  and  the  vital 
letionk  thereby  diminished  in  energy. 

94.  There  seems  reason  to  Relieve,  however,  that,  of  the  products  of 
decomposition  which  are  set  free  in  the  various  tissues  and  organs  of  the 
body,  only  a  part  is  destined  to  be  immediately  excreted;  and  that  it  is  this 
part  which  is  taken  up  by  the  Veins,  and  conveyed,  by  the  general  vascu- 
lar apparatus,  to  the  several  glands  which  are  to  separate  it.  The  remain- 
der, coDsistiiig  of  substances  which  are  fit  to  be  reassimilated,  appears  to 
be  taken  np  by  a  distinct  system  of  vessels  termed  Lymphatica^  which  may 
be  considered  as  an  extension  of  the  Lacteal  system  through  the  fabric  at 
large.  There  is  good  reason  to  believe  that  the  special  function  of  the 
Lymphatics  is,  like  that  of  the  Lacteals,  to  minister  to  Nutritive  Absorp- 
tion, (although  other  substances  may  find  their  way  into  them,  by  the  mere 
physical  process  of  imbibition);  the  latter  being  especially  destined  to  take 
up  assimilable  matter  from  the  digestive  cavity,  whilst  the  former  absorb 
the  products  of  the  secondary  digestion  which  is  continually  going  on  in 
every  part  of  the  body.  (See  §§  464-467).  Of  these,  however,  a  portion 
may  still  be  destined  to  immediate  excretion. 

95.  The  various  Secretions  which  have  not  already  been  adverted  to, 
tppear  for-the  most  part  to  have  for  their  object  the  performance  of  some 
ipecial  function  in  the  system,  rather  than  the  conveyance  otU  of  it  of 
tny  substances  which  it  would  be  injurious  to  retain.  This  is  the  case,  for 
example,  in  regard  to  the  secretion  of  the  Lachrymal,  Salivary,  and  Mam- 
mary Glands,  as  well  as  with  that  of  the  Mucous  and  Serous  Membranes. 
The  Excretion  of  fluid  from  the  cutaneous  surface,  however,  appears  to 
answer  two  important  purposes, — the  removal  from  the  body  of  a  portion 
of  its  superfluous  fluid, — and  the  regulation  of  its  temperature.  Just  as, 
by  the  action  of  the  lungs,  the  conditions  are  supplied,  by  which  the  tem- 
perature of  the  body  is  kept  up  to  a  certain  standard,  so,  by  that  of  the  Skin, 
it  is  prevented  from  rising  too  high;  for  by  the  continual  excretion  from 
ill  surface,  of  fluid  which  has  to  be  carried  off*  by  evaporation,  a  degree  of 
eold  is  generated,  which  keeps  the  calorific  processes  in  check;  and  this  ex- 
cretion is  augmented  in  proportion  to  the  elevation  of  the  external  tenipera- 
tnre,  which  seems,  in  fact,  the  direct  stimulus  to  the  process. 

96.  There  is  no  sufficient  reason  to  believe,  that  the  Nervous  System 
has  any  more  direct  influence  on  the  processes  of  Secretion,  than  it  has 
been  stated  to  have  on  that  of  Nutrition.     That  almost  every  secretion  in 
the  body  is  aflfected  by  states  of  mind  which   must  operate  through  it, 
daily  experience  teaches;  but  the  very  remarkable  degree  of  control  which 
the  nervous  system  possesses  over  the  circulation,  is  quite  sufllcient  to  ex- 
plain any  of  these  effects,  whether  they  be  local  or  general.     The  flow  of 
the  secreted  fluids  through  their  efferent  ducts  appears  to  be  principally 
caused  by  the  proper  contractility  of  these,  which  (like  that  of  the  heart  and 
alimentary  canal)  is  directly  stimulated  by  the  contact  of  their  contents;  but 
there  is  also  evidence  that  this  contractility  may  be  aflfected  (as  it  is  in  those 
two  instances)  by  the  nervous  system;  and  thus  we  have  an  additional 
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means  of  influence,  by  which  the  nervous  system  can  affect  these  pro- 
cesses, since  its  power  is  probably  not  confined  to  the  large  ducts,  but  ex- 
tends to  their  ultimate  ramifications.  Where,  as  happens  in  the  case  of  the 
urinary  excretion,  there  is  a  reservoir  into  which  it  is  received  as  fast  as  it 
is  formed,  for  the  purpose  of  preventing  the  inconvenience  which  its  con- 
stant passage  from  the  body  would  otherwise  occasion, — the  power  of 
emptying  this  reservoir  is  usually  placed  in  some  degree  under  the  domin- 
ion of  the  will,  although  chiefly  governed  by  reflex  action.  It  is  obvious 
that  such  a  provision  is  by  no  means  essential  to  the  function;  and  that  it 
has  for  its  object  the  adaptation,  merely,  o&  that  function,  to  the  conditions 
of  Animal  existence. 

97.  Thus  we  see  that,  when  we  enter,  as  it  were,  into  the  penetralia  of 
the  Animal  system,  and  study  those  processes  of  which  the  Life  of  the  ma- 
terial fabric  essentially  consists,  we  find  them  performed  under  conditions 
essentially  the  same  as  those  which  obtain  in  Plants;  and  we  observe  that 
the  operations  of  the  Nervous  System  have  none  but  an  indirect  influence 
or  control  over  them.  It  is,  therefore,  quite  philosophical  to  distinguish 
these  Organic  Functions,  or  phenomena  of  Vegetative  Life,  from  those  con- 
cerned in  the  Life  of  Relation,  or  Animal  life.  The  distinction  is,  indeed, 
of  great  practical  importance,  and  lies  at  the  foundation  of  all  Physiological 
Science;  yet  it  is  seldom  accurately  made,  and  a  very  confused  notion  on 
the  subject  is  generally  prevalent.  It  is  commonly  said,  for  example, 
that  the  function  of  Respiration  is  the  connecting  link  between  the  two: — 
the  fact  being,  however,  that  the  true  process  of  Respiration  is  no  more  a 
function  of  Animal  Life  than  is  any  ordinary  process  of  secretion;  but  that, 
in  order  to  secure  that  constant  interchange  of  air,  which  is  necessary  to  its 
performance,  the  assistance  of  the  nervous  and  muscular  systems  is  called 
in,  though  not  in  a  manner  which  necessarily  involves  either  consciousness 
or  will, 

98.  The  process  of  Reproduction,  like  that  of  Nutrition,  has  been  until 
recently  involved  in  great  obscurity;  and  although  it  cannot  be  said  to  be 
yet  fully  elucidated,  it  has  been  brought,  by  late  investigations,  fir  more 
within  our  comprehension,  than  was  formerly  deemed  possible.  The  close 
connection  between  the  Reproductive  and  Nutritive  operations,  both  as  re- 
gards their  respective  characters,  and  their  dependence  upon  one  another, 
has  long  been  recognised;  and  it  is  now  rendered  still  more  evident.  Nu- 
trition has  been  not  unaptly  designated  *'  a  perpetual  reproduction;"  and  the 
expression  is  strictly  correct.  In  the  fully-formed  organism,  the  supply  of 
alimentary  material  to  every  part  of  the  fabric  enables  it  to  produce  a  tissue 
resembling  itself;  thus  we  only  find  tnie  bone  produced  in  continuity  with 
bone,  nerve  with  nerve,  muscle  with  muscle,  and  so  on.  Thus  it  would 
appear  that,  when  a  group  of  cells  has  once  taken  on  a  particular  kind  of 
development,  it  continues  to  reproduce  itself  on  the  same  plan.  But  in  the 
Reproductive  process  it  is  different.  A  single  cell  is  generated  by  certain 
preliminary  actions, — from  which  single  cell  all  those  which  subsequently 
compose  the  embryonic  structures  take  their  origin;  and  it  is  not  until  a 
later  period,  that  any  distinction  of  parts  can  be  traced  in  the  mass  of  vesi- 
cles which  spring  from  it.  Hence  the  essential  character  of  the  process  of 
Reproduction  consists  in  the  formation  of  a  cell,  which  can  give  origin  to 
others,  from  which  again  others  spring, — and  in  the  capability  of  these  last 
to  undergo  several  kinds  of  transformalion,  so  as  ultimately  to  produce  a 
fabric  in  which  the  number  of  difl'ercnt  parts  is  equal  to  that  of  the  functions 
to  be  performed,  every  separate  part  having  a  purpose  distinct  from  that  of 
the  rest.     Such  a  fabric  is  considered  as  a  very  heterogeneous  one,  and  is 
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eminently  distinguished  from  those  homogeneous  organisms,  in  which  every 
pan  is  but  a  repetition  of  the  rest.     Of  all  Animals  man  has,  as  already 
«liown,lhe  greatest  variety  of  endowments, — the  greatest  number  of  distinct 
organs;  and  yet  Man,  in  common  with  the  simplest  Animal  or  Plant,  takes 
his  origin  in  a  single  cell.     It  is  in  the  almost  homogeneous  fabrics  of  the 
Cellular  Plants,  that  we  find  the  closest  connection  between  the  function  of 
Nutrition  and  that  of  Reproduction;  for  every  one  of  the  vesicles  which 
compose  their  fabric  is  endowed  with  the  power  of  generating  others  simi- 
lar to  itself;  and  these  may  either  extend  the  parent  structure,  or  separate 
into  new  and  distinct  organisms.     Hence  it  is  scarcely  possible  to  draw  a 
line,  in  these  cases,  between  the  Nutrition  of  the  individual  and 'the  Repro- 
duction of  the  species.  / 

99.  But,  it  will  be  inquired,  how  and  where  in  the  Human  body  (and  in 
the  higher  Animals  in  general)  is  this  embryonic  vesicle  produced,  and  what 
are  the  relative  offices  of  the  two  sexes  in  its  formation?  This  is  a  question 
which  most  still  be  answered  with  some  degree  of  doubt;  and  yet  observed 
phenomena,  if  explained  by  the  aid  of  analogy,  seem  to  lead  to  a  very  direct 
coQclusioD.  The  embryonic  vesicle  itself,  like  other  cells,  must  arise  from 
a  germ;  and  reasons  will  be  hereafter  given  for  the  belief,  that  the  germ  is 
supplied  by  the  male  parent,  and  that  the  female  supplies  only  the  materials 
(or  its  development.  Here,  as  in  the  Nutritive  processes,  we  find  that  the 
operations  immediately  concerned  in  this  function, — namely,  the  act  of 
fecundation,  and  the  development  of  the  ovum, — are  not  directly  influenced 
in  any  way  by  the  nervous  system;  and  that  the  functions  of  Animal  Life 
are  called  into  play,  only  in  the  preliminary  and  concluding  steps  of  the 
process.  In  many  of  the  lower  Animals,  there  is  no  sexual  congress,  even 
where  the  concurrence  of  two  sets  of  organs  (as  in  the  Phanerogamic  Plants) 
is  necessary  for  the  process;  the  ova  are  liberated  by  one,  and  the  sperma- 
tozoa by  the  other;  and  the  accidental  meeting  of  the  two  produces  the 
desired  result.  In  many  Animals  higher  in  the  scale,  the  impulse  which 
brings  the  sexes  together  is  of  a  purely  instinctive  kind.  But  in  Man,  it  is 
of  a  very  compound  nature.  The  instinctive  propensity,  unless  unduly 
strong,  is  controlled  and  guided  by  the  will,  and  serves  (like  the  feelings  of 
hunger  and  thirst)  as  a  stimulus  to  the  reasoning  processes,  by  which  the 
means  of  gratifying  it  are  obtained;  and  a  moral  sentiment  or  affection  of  a 
much  higher  kind  is  closely  connected  with  it,  which  acts  as  an  additional 
incitement.  Those  movements,  however,  which  are  most  closely  connected 
with  the  essential  part  of  the  process,  are,  like  those  of  deglutition,  respira- 
tion, &c.,  simply  reflex  and  involuntary  in  their  character;  and  thus  we 
liave  another  proof  of  the  constancy  of  the  principle,  that,  where  the  action 
of  the  apparatus  of  Animal  Life  is  brought  into  near  connection  with  the 
Organic  functions,  it  is  not  such  as  requires  the  operation  of  the  purely 
animal  powers.  Thus,  then,  as  it  has  been  lucidly  remarked,  *'  the  Nervous 
System  lives  and  grows  within  an  Animal,  as  a  parasitic  Plant  does  in  a 
Vegetable;  with  its  life  and  growth,  certain  sensations  and  mental  acts,  va- 
rying in  the  different  classes  of  Animals,  are  connected  by  nature  in  a 
manner  altogether  inscrutable  to  man;  but  the  objects  of  the  existence  of 
Animals  require  that  these  mental  acts  should  exert  a  powerful  controlling 
influence  over  all  the  textures  and  organs  of  which  they  are  composed." 

Functions  of  •Animal  Life. 

100.  The  existence  of  consciousness,  by  which  the  individual  {le  mot,  in 
the  language  of  French  physiologists)  becomes  sensible  of  impressions  made 
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upon  its  bodily  structure, — and  the  power  of  spontaneously  exciting  con- 
tractions in  its  tissues,  by  which  evident  motions  are  produced, — have  been 
already  stated  to  be  the  peculiar  attributes  of  the  beings  composing  the 
Animal  kingdom.  The  evident  motions  exhibited  by  some  Plants,  cannot 
be  regarded  as  indicating  the  existence  of  any  psychical  endowments  in  the 
beings  included  in  the  Vegetable  kingdom;  for  they  are  usually  to  be  re- 
ferred without  difficulty  to  the  action,  either  direct  or  indirect,  of  an  external 
stimulus,  upon  a  contractile  tissue;  and  even  where  no  such  action  evidently 
takes  place,  there  is  good  reason  to  suppose  its  existence.  To  refer,  there- 
fore, the  movements  of  Vegetables  to  a  nervous  system,  of  which  no  traces 
can  be  fonhd,— still  more  to  suppose  them  endowed  with  consciousness  and 
will,  as  some  have  done,  is  to  violate  most  grossly  a  well-known  rule  in 
philosophy,  which  cannot  be  too  steadily  kept  in  view  in  prosecuting 
physiological  inquiries-— non  fingere  hypotheses. 

101.  There  are  in  Animals,  however,  many  movements  which  are 
equally  dependent  upon  direct  stimuli  for  their  production.  Such  are  fas 
we  have  seen),  even  in  the  highest,  the  actions  of  the  heart  and  of  me 
alimentary  canal.  These,  in  the  lowest  tribes,  probably  bear  a  much 
greater  proportion  to  the  whole  amount  of  those  exhibited  by  the  beings, 
than  they  do  in  the  higher;  whilst  those  which  we  may  regard  as  speciaUy 
dependent  on  a  nervous  system,  appear  to  constitute  but  a  small  part  of  their 
general  vital  actions.  The  life  of  such  beings,  therefore,  bears  a  much  closer 
resemblance  to  that  of  the  Vegetable,  than  to  that  of  the  higher  Animal. 
Tlieir  organic  functions  are  performed  with  scarcely  more  of  sensible  move- 
ment than  is  seen  in  plants;  and  of  the  motions  which  they  do  exhibit  (nearly 
all  of  them  immediately  concerned  in  the  maintenance  of  the  organic  func- 
tions), it  is  probable  that  many  are  the  result  of  the  simple  contractility  of 
their  tissues,  called  into  action  by  the  stimuli  directly  applied  to  them.  It 
is  scarcely  possible  to  imagine  that  such  beings  can  enjoy  any  of  those 
higher  mental  powers,  which  Man  recognises  by  observation  on  himself, 
and  of  which  he  discerns  the  manifestations  in  the  tribes,  which,  from  their 
nearer  relation  to  himself,  he  regards  as  more  elevated  in  the  scale  of  exist- 
ence. If  we  direct  our  attention,  on  the  other  hand,  to  the  psychical*  ope- 
rations of  Man,  as  forming  part  of  his  general  vital  actions,  we  perceive  that 
the  proportion  is  completely  reversed.  So  far  from  his  organic  life  exhibit- 
ing a  predominance,  it  appears  entirely  subordinate  to  his  animal  functions, 
and  seems  destined  only  to  afford  the  conditions  for  their  performance. 
If  we  could  imagine  his  nervous  and  muscular  systems  to  be  isolated  from 
the  remainder  of  his  corporeal  structure,  and  endowed  in  themselves  with 
the  power  of  retaining  their  integrity  and  activity,  we  should  have  all  that 
is  essential  to  our  idea  of  Man.  But,  as  at  present  constituted,  these 
organs  are  dependent,  for  the  maintenance  of  their  integrity  and  functional 
activity,  upon  the  nutritive  apparatus;  and  the  whole  object  of  the  latter 
appears  to  be  the  supply  of  those  conditions  necessary  to  the  exercise  of 
the  peculiarly  animal  functions.  That  his  mental  activity  should  be  thus 
made  dependent  upon  the  due  supply  of  his  bodily  wants,  is  a  part  of 
the  general  scheme  of  his  probationary  existence;  and  the  first  excitement 
of  his  intellectual  powers  is  in  a  great  degree  dependent  upon  this  arrange- 
ment. 

102.  The  most  simple,  or  elementary  function  of  the  Nervous  System  is, 

•  Here  and  elsewhere  this  term  will  be  employed  in  its  most  extended  sense,  to 
designate  all  the  mental  operations, — whether  intellectual,  emotional,  or  instinctive,— 
of  which  man's  nervous  system  is  the  instrument. 
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as  already  observed,  the  establishment  of  a  communication  between  a  part 
which  is  susceptible  of  impressions,  and  another  which  can  perform  contrac- 
tile movements;  so  that  a  stimulus  applied  to  one  may  immediately  excite 
1  respondent  action  in  the  other,  however  great  may  be  its  distance.  Hence 
it  may  be  said  to  have  an  internuncial  function;  but  this,  so  far  it  is 
performed  without  the  necessary  participation  of  the  consciousness  or  will 
of  the  individual,  is  not  essentially  higher  in  character  than  the  correspond- 
ing function  in  Plants,  although  the  latter  is  effected  by  a  different  apparatus. 
The  ministration  of  the  nervous  system  to  purely  Animal  life,  obviously 
consists  in  its  rendering  the  mind  cognizant  of  that  which  is  taking  place 
around,  and  in  enabling  it  to  act  on  the  material  world,  by  the  instruments 
with  which  the  body  is  provided  for  the  purpose.     It  is  curious  to  observe 
that  every  method  at  present  known,  by  which  mind  can  act  upon  mind, 
requires  muscular  contraction  as  its  medium,  and  sensation  as  its  recipient. 
This  is  the  case,  for  example,  not  only  in  that  communication  which  takes 
place  by  language,  whether  written  or  spoken;  but  in  that  less  evident  but 
not  less  ,ek>quent  converse,  by  which  two  minds  **  attuned  to  nature's 
sweetest  harmony"  can  read  each  other's  thoughts.     The  look,  the  touch, 
the  gestore,  which  are  so  frequently  more  expressive  than  any  words  can 
be,  are  all  the  result  of  muscular  contractions  excited  in  the  nervous  cen- 
tres; and  thus  we  trace  the  limitation  which,  even  in  communication  that 
appears  so  far  removed  from  the  material  world,  constantly  bounds  the  ope- 
rations of  the  most  powerful  intellect,  and  the  highest  flights  of  the  imagi- 
nation.    That  in  a  future  state  of  being  the  communion  of  mind  with  mind 
will  be  more  intimate,  and  that  Man  will  be  admitted  into  more  immediate 
eoBTerse  with  his  Maker,  appears  to  be  alike  the  teaching  of  the  mostcom- 
prefaensiire  Philosophical  inquiries,  and  of  the  most  direct  Revelation  of  the 
Divinity. 

103.  The  Organs  of  Sense  are  instruments  which  are  adapted  to  enable 
particular  nerves  to  receive  impressions  from  without;  of  a  kind,  and  in  a 
degree,  of  which  they  would  not  otherwise  be  sensible.  Thus,  although 
the  simple  contact  of  a  hard  body  with  the  nerve  may  be  readily  conceived 
to  produce  a  material  change  in  it,  of  such  a  kind  as  would  be  easily  propa- 
gated to  the  central  sensorium,  it  is  evident  that  a  nerve  must  be  peculiarly 
iDodified,  to  receive  and  conduct  sonorous  impressions  from  the  undulations 
of  die  air,  still  more — the  impressions  produced  by  the  undulations  of  that 
ethereal  medium,  to  the  vibrations  of  which  most  Natural  Philosophers  now 
attribute  the  transmission  of  light.  And,  even  when  this  difBculty  has  been 
provided  for  by  some  modification  in  the  structure  of  the  nerve  itself,  there 
V  evidently  another  still  remaining, — that  of  understanding  how  distinct 
images  of  the  form,  colour,  Slc,  of  external  objects  can  be  communicated  to 
the  nerve  of  sight, — or  ideas  of  the  direction,  pitch,  quality,  &c.,  of  sono- 
nms  undulations  can  be  obtained  through  the  auditory  nerve.  There  is 
reason  to  believe  that  many  among  the  lower  Animals,  which  do  not  see 
objects  around  them,  are  conscious  of  the  influence  of  light;  and  thus  the 
distinction  between  the  mere  reception  of  the  impression,  and  the  commu- 
oication  of  the  optical  image,  becomes  evident  The  former  may  take  place 
through  the  intervention  of  nerves,  whose  sensory  extremities  offer  no 
peculiarities;  the  latter  can  only  be  received  through  the  medium  of  an 
instrument  which  shall,  from  the  mixture  of  rays  falling  equally  upon  every 
part  of  a  surface,  produce  an  optical  image,  and  then  impress  it  upon  the 
expanded  surface  of  the  nerve,  so  that  each  fibril  may  receive  a  distinct  im- 
pression, the  image  presented  to  the  mind  being  formed  by  the  combination 
of  the  whole.  That  this  is,  in  fact,  the  share  which  the  organs  of  special 
12 
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sense  bear  in  the  general  endowments  of  the  whole  apparatus,  may  be  in- 
ferred especially  from  the  conformation  of  the  Eye,  which  is  in  every  respect 
a  merely  optical  instrument  of  the  greatest  beauty  and  perfection,  adapted 
to  present  to  the  nerve,  in  the  most  advantageous  manner,  the  images  of 
surrounding  objects  in  all  their  variations;  and  we  might  conceive  that,  if  it 
were  possible  for  the  interior  of  the  living  eye  to  be  replaced  by  one  con- 
structed of  inorganic  materials  by  the  hand  of  man,  and  for  the  retina  to 
preserve  its  functional  activity,  the  power  of  sight  would  be  but  little  im- 
paired, except  through  the  incapability,  on  the  part  of  any  piece  of  human 
mechanism,  to  imitate  those  wondrous  contrivances  of  Infinite  Skill,  which 
have  for  their  object  the  adaptation  of  the  instrument  to  varieties  of  distance, 
of  intensity  of  light,  <&;c. 

104.  There  can  be  little  doubt  that  the  structure  of  the  Ear  is  arranged 
to  do  the  same  for  the  sonorous  vibrations,  which  the  eye  does  for  the  rays 
of  light;  that  is,  through  its  means,  the  undulations  which  strike  upon  the 
external  surface  of  the- organ  are  separated  and  distinguished,  those  of  a  like 
kind  being  brought  together  upon  one  division  of  the  nerve,  and  those  of 
another  order  upon  a  different  set  of  fibres;  so  that  the  dififerent  kinds  of 
sound  and  the  peculiar  quality  and  direction  of  each  may  be  discriminated, 
whilst  by  the  concentration  of  all  the  impressions  of  the  same  character,  a 
higher  amount  of  force  is  given  to  them.  Of  the  sense  of  smell,  no  similar 
account  can  be  given;  since  the  medium  by  which  odours  are  propagated 
is  not  known.  If,  as  is  generally  believed,  this  is  accomplished  by  the 
diffusion  through  space,  of  minute  particles  of  the  odoriferous  body  itself 
(which  supposition  seems  to  derive  support  from  the  general  fact,  that  the 
most  volatile  substances  are  usually  most  odoriferous*),  smell  may  be  re- 
garded,— as  taste  also  is  probably  to  be  considered, — in  the  light  of  a  refined 
kind  of  touch.  Thus,  the  general  nile  holds  good,  here  as  elsewhere,  that 
the  processes  by  which  the  organism  is  immediately  brought  into  relation 
with  the  external  world,  are  performed  in  obedience  to  physical  laws; — the 
living  structure  only  affording  certain  peculiar  conditions,  which  may  be 
imitated  in  a  great  degree  by  other  means.  This  is  the  case,  for  example, 
with  regard  to  Digestion,  which  is  in  itself  a  simply  Chemical  process, 
taking  place  out  of  the  body  as  well  as  in  it,  if  the  materials  and  the  neces- 
sary solvent  be  submitted  to  the  same  circumstances  as  those  to  which  they 
are  exposed  in  the  stomach;  and  in  regard  also  to  that  of  Respiration, 
which  depends  upon  the  Physical  tendency  to  mutual  diffusion,  inseparable 
from  the  existence  of  gases:  and  we  notice  the  prevalence  of  the  same 
general  fact  in  the  Animal  as  in  the  Organic  Life.  We  cannot  become 
cognizant  of  the  changes,  or  even  of  the  existence,  of  the  external  world, 
unless  some  material  effect  be  produced  by  it  on  our  organs  of  sense;  nor 
can  we  produce  any  alteration  in  its  condition,  except  by  powers  which  act 
according  to  purely  mechanical  principles. 

105.  In  regard  to  the  Muscular  System,  it  has  already  been  sufficiently 
explained  that  it  forms  a  part  of  the  apparatus  of  Animal  Life,  no  otherwise 
than  as  the  instrument  by  which  nervous  energy  operates  upon  external 
objects.  The  contractility  which  it  manifests  on  the  application  of  a  stimu- 
lus, is  an  endowment  which  it  derives  from  its  own  structure,  and  not  from 
the  nervous  system;  for  it  will  be  clearly  proved  in  its  appropriate  place, 

•  Some  of  the  most  strongly  odoriferous  substances,  however,  are  solids; — for  in- 
stance, musk:  and  it  has  been  experimentally  proved,  that  the  loss  of  weight,  which 
follows  the  free  exposure  of  a  minute  quantity  of  this  perfume  to  an  atmasphere  con- 
stantly renewed  during  several  years,  is  not  appreciable  by  the  finest  balance. 
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thit  the  presence  of  this  contractility  is  connected  with  the  healthy  nutrition 
of  (he  tissue  and  its  due  supply  of  arterial  blood,  and  that  the  complete 
leparation  of  any  muscular  part  from  all  its  nervous  connections  has  none 
bot  an  indirect  influence  on  its  properties. 
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FUNCTIONS  OF  THE  NERVOUS  SYSTEM. 


General  Summary. 

106.  Ail  our  positive  knowledge  of  the  functions  of  the  Nervous  System 
is  derived  from  observation  of  the  movements  exhibited  by  animals,  and 
from  oar  own  consciousness  of  what  passes  within  ourselves.  Except 
through  the  movements  consequent  upon  them,  we  have  no  means  of  ascer- 
tuning  whether  or  not  particular  changes  in  the  nervous  system  are  attended 
with  sensation.  The  cries  and  struggles  of  the  animal  made  the  subject  of 
experiment,  are  ordinarily  considered  as  indications  of  sensation;  but  it  is 
Dot  right  80  to  regard  them  in  every  instance;  nor  are  we  justified  in  assert- 
ing that  consciousness  results  from  any  external  irritation,  merely  because 
movements  evidently  tending  to  get  rid  of  this  are  performed  in  respondence 
to  IL  We  know  that  the  contractions  of  the  heart  and  alimentary  tube  are 
ordinarily  excited  by  a  stimulus,  without  any  sensation  being  involved;  and 
these  movements,  like  all  that  are  concerned  in  the  maintenance  of  the  or- 
ganic functions,  have  an  obvious  design,  when  considered  either  in  their 
immediate  effects,  or  in  their  more  remote  consequences.  The  character  of 
adaptivenesSf  then,  in  muscular  movements  excited  by  external  stimuli,  is 
no  proof  that  they  are  performed  in  obedience  to  sensation;  much  less,  that 
they  have  a  voluntary  character.  In  no  case  is  this  adaptiveness  more  re- 
markable, than  in  some  of  those  purely  instinctive  actions,  which  are  not 
only  performed  without  any  effort  of  the  will,  but  which  the  will  cannot 
imitate.  This  is  the  case,  for  example,  with  the  act  of  deglutition;  the 
muscles  concerned  in  which  cannot  be  thrown  into  contraction  by  a  volun- 
tiry  impulse,  being  stimulated  only  by  impressions  conveyed  from  the 
mocoos  surface  of  the  fauces  to  the  medulla  oblongata,  and  thence  reflected 
along  the  motor  nerves.  No  one  can  swallow,  without  producing  an  im- 
pression of  some  kind  upon  this  surface,  to  which  the  muscular  movements 
will  immediately  respond.  Now  it  is  impossible  to  conceive  any  move- 
ments more  perfectly  adapted  to  a  given  purpose,  than  those  of  the  parts  in 
question;  and  yet  they  are  not  only  independent  of  volition,  but  of  sensation, 
-^being  still  performed  in  cases  in  which  consciousness  is  completely  sus- 
pended, or  entirely  absent. 

107.  There  is  much  diflicully,  then,  in  ascertaining  the  really  elementary 
fiinctions  of  the  Nervous  System,  by  experiments  upon  animals;  and  it  is 
only  when  their  results  are  corrected  and  explained  by  pathological  obser- 
vation on  Man, — the  only  case  in  which  we  can  obtain  satisfactory  evidence 
of  the  presence  or  absence  of  sensation,  that  they  have  much  value  to  the 
physiological  inquirer.     From  these  combined  sources,  however,  a  vast 
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amoum  of  knowledge  of  the  functions  of  the  nervous  syslem  has  recently 
been  fiainecl;  and  the  general  parposes  to  which  il  is  subservieni  may  be 
advantageoBsly  staled  in  a  Eyslemalic  form,  before  we  enier  upon  any  detailed 
examination  of  ihem. 

I.  The  nervous  system  receives  impreasiona,  which,  being  conveyed  by 
its  afferent  fibres  to  the  sensoriuin,  are  there  communicated  to  the  conscious 
mind.  It  is  subservienl  in  some  way  to  the  acta  of  that  mind;  and,  aa  the 
result  of  tJieae  acts,  a  motor  impulse  is  tranamilted  along  the  efferent  trunks 
to  particular  muscles,  exciting  them  to  contraclinn.  This  motor  impulse, 
however,  may  beeilher  of  an  emofjono/or  a  Po/un(ar^  character.  We  shall 
hereafter  see  reason  to  believe  that,  to  iheae  functions,  the  Gncephalon  and 
the  nerves  proceeding  from  it  are  subservient. 

II.  Certain  parts  of  the  nervous  system  receive  impressions,  whifh  are 
propagated  along  afferent  fibres,  that  terminate  in  ganglionic  centres  dialincl 
from  the  senaorium;  and  in  these  a  reflex  motor  impulse  is  thus  excited, 
which,  being  conveyed  along  the  efferent  trunks  proceeding  from  them, 
excites  muscular  contraction,  without  any  necessary  intervention  of  aenaa- 
tion  or  volition.  Of  this  function  (called  by  Dr.  HaJI,  to  whom  the  dieco- 
very  of  it  is  in  great  pari  due,  the  refitx  function),  we  shall  find  that  the 
portion  of  the  Spinal  Cord  of  Vertebrata  which  ia  not  continuous  with  the 
fibrous  stnicuire  of  the  brain,  together  with  the  portion  of  the  nervous  trunks 
which  are  connected  with  it  alone,  ia  the  inalrument. 

III.  Another  division  of  the  nervous  aystera  appeara  to  have  for  its  object, 
to  combine  and  harmonize  the  muscular  movements  immediately  connected 
with  ihe  maintenance  of  organic  life,  and  to  bring  these  into  relation  with 
certain  conditions  of  the  mind.  There  is  reason  to  believe  (though  this  is 
leas  certain)  that  it  also  influences,  and  brings  into  connection  with  each 
other,  ihe  processes  of  nutrition,  secretion,  ibc;  though  these,  like  Ihe  mus- 
culur  movements  just  mentioned,  are  essentially  independent  ofil. 

106.  Now,  in  reference  to  the  firat  class  of  operations,  il  ia  well  to  explain 
thai,  though  the  physiologist  apeaks  of  the  intellectual  powers,  moral  feel- 
inga,  &c.  a.s  functions  of  the  Nervous  System,  they  are  not  so  in  the  sense 
in  which  ihe  term  is  employed  in  regard  to  other  operations  of  the  bodily 
frame.  In  general,  by  the/i^nrfton  of  an  organ,  we  understand  some  chang« 
which  muy  be  made  evident  to  the  senses,  as  well  in  our  own  system  as  ia 
the  body  of  another.  Sensation,  Thought,  Emotion,  and  Volition,  how- 
ever, are  changes  imperceptible  to  our  senses,  by  any  means  of  observation 
we  Bl  present  possess.  We  are  cognizant  of  them  in  ourselves,  wilhont  the 
intervention  of  those  processes  by  which  we  observe  material  changes  «x- 
lernal  to  our  minds;  but  we  judge  of  them  in  others,  only  by  inferences 
founded  on  the  actions  to  which  they  give  rise,  when  compared  with  our 
own.  When  we  speak  of  sensation,  thought,  emotion,  or  volition,  there- 
fore, as  functions  of  the  Nervous  System,  we  mean  only  that  this  system 
fumiahes  the  conditions  under  which  they  take  place  in  the  living  body; 
and  we  leave  the  quealion  entirely  open,  whether  the  ^xi  has  or  has  noi 
an  existence  independent  of  that  of  the  material  organism,  by  which  it  ope- 
ntea  in  Man  as  he  is  at  present  conatiiuied. 

109.  In  regard  to  the  second  elasa  of  actiona,  it  may  be  remarked,  that 
they  are  nearly  all  conuected,  more  or  leaa  closely,  with  the  organic  fnoc- 
tions,  or  with  the  protection  of  the  body  from  danger.  Thus  the  movements 
of  the  pharynx  supply  to  the  stomach  the  alimentary  materials  il  prepnrea 
for  the  nutrition  of  the  body;  those  of  the  muscles  of  the  thorax.  &c.  main- 
tain that  constant  interchange  of  air  in  the  lungs,  which  is  neceasury  for  iha 
aeration  of  Ihe  blood:  whilst  those  by  which  a  limb  is  involnnlarily  retracteil 
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Elementary  Structure  of  the  Nerooui  Syttem. 

1 10.  Wherever  a  distiacl  Nervoui  Syatem  can  be  observed,  it  is  found  to 
eoneiet  of  two  kinds  of  structure;  the  presence  of  both  of  which,  therefore, 
may  be  regtrded  as  essential  to  our  idea  of  it  as  a  whole.  One  of  these  is 
thai  which  is  designated  the  white  or  Jibrout  matter.  This  constitutes  (with 
the  nenrilema  or  nerve-sheath,  and  the  cellular  tissue  which  il  encloses,)  the 
whole  of  the  nervous  trunks,  wherever  they  occur;  and  forms  a  large  pari 
of  ibe  central  masseB  with  which  they  are  connected.  It  consists  of  lubes 
of  great  mianteness,  which  are  filled  with  a  kind  of  granular  pilh  that  can 
be  sqoeesed  from  them.  These  tubes  are  for  the  moat  part  cylindrical  in 
the  nervous  tninks;  and  their  pith  is  said  to  have  such  consistence,  that  it 
forms  of  itself  a  distinct  fibre,  which  is  divisible  into  numerous  filaments. 
At  some  al  the  extremities  of  the  nerves,  these  filaments  may  (according  to 
Remak  and  others)  be  clearly  distinguished;  in  the  sensory  papillee  they  are 
said  to  form  a  series  of  loops,  extending  beyond  the  termination  of  the  lube, 
bnl  not  diverging  from  it;  whilst  in  the  muscles  ihey  spread  themselves 
more  widely,  forming  a  network  of  extreme  minuteness.  The  diameter  of 
die  cylindrical  tubuli  is  estimated  to  vary  from  about  the  l-120th  to  the 
l-240th  of  a  line.  A  different  structure  has  been  described  by  Ehrenberg, 
ss  composing  the  bulk  of  the  medullary  substance  of  the  brain,  under  the 
■ame  ofvaricoie  tubes;  and  he  states  that  these  are  also  found  largely  in 
flie  spinal  cord,  and  less  abundantly  in  the  nerves  of  special  sense;  but  that 
they  are  seldom  to  be  met  with  in  the  other  trunks.  These  tubes  were  so 
named  from  their  not  being  cylindrical,  but  presenting  dilatations  at  inter- 
nls,  so  as  to  resemble  a  string  of  beads;  and  the  appearance  of  these  dila- 
lalioiu  has  given  rise  to  the  opinion,  that  the  brain  is  composed  of  globules, 
ll  il  now,  however,  satisfactorily  shown  that  they  are  the  result  of  the  pres- 
itire  and  other  manipulations  to  which  the  objects  are  subjected  in  preparation 
for  the  microscope;  and  thai,  if  the  nervous  fibres  of  the  brain  and  other 
puts  are  examined  in  a  recent  stale,  ihey  are  cylindrical,  like  ihose  of  the 
iKTvoiu  trunks  in  general.     Still  (here  is  some  difference  in  their  structure, 

Fig.  7. 


u  of  snclBi  in  lu  mill.  (AIW  Wi(n* 
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Besides 


since  they  exhibit  this  tendency  to  become  Taricose,  which  is  elaewhere 
wanting.  The  walla  of  the  fibre  are  not  unfrequently  seen  to  include  the 
nuclei  of  the  cells  of  which  the  tube  was  originally  composi 
these  tubular  fibres,  which  constitute  the  while  portions  of  the 
ter,  there  are  other  filamentaof  a  greycolour,  and  of  much  smaller  diameter, 
without  distinct  cavilies,  which  exist  especially  in  the  sympathetic  nerves, 
but  which  may  also  be  detected  in  others.  These  fibres  may  be  termed 
organic;  those  existing  in  the  sympathetic  system  of  nerves  may  be  traced 
to  its  ganglionic  centres;  whilst  those  which  are  formed  in  the  cerebro-spinal 
nerves  are  connected  with  the  ganglia  upon  their  posterior  roots. 

Fig.  8. 


111.  The  other  elementan^  form  of  Nervous  structure  is  termed  (he 
cintritiom  or  grey  matter.  It  seems  to  consist  principally  of  a  plexus  of 
blood-vessels,  in  which  the  fibres  of  the  former  appear  lost;  and  amongst 


PrimltlT«  Bbres  and  gangUanlc  globulea  nf  human  bialn,  aner  Purklnjc,  i,  Kin;llonlc  globnlni, 
Ijlng  amongn  varicoM  nirve-IubeB,  and  blwJ-ieucli,  Id  nibnance  of  optic  Ihalainuii  a,  globnl* 
more  BDUrgBd;  h,  Tasculu  mat.  i,  i,  globnlei  with  -niiiiaAj-fataitA  peduncln,  fnta  i»A  ponlOB 
of  eru*  cerebri.  3(0  Dlam. 
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tbese  lie  a  number  of  granules  or  nucleated  cells,  which  do  not  seem  to  have 
anj  definite  arrangement.  This  substance  is  usually  disposed  in  the  centre 
of  the  larger  masses,  with  which  the  nervous  trunks  are  connected.  It  forms 
the  nuclei  of  the  ganglia  which  are  the  centres  of  the  nervous  system  in  the 
loTertebrata:  it  occupies  part  of  the  interior  of  the  spinal  cord  of  Vertebrated 
animals,  which  may  be  regarded  as  a  chain  of  similar  ganglia;  and  in  the 
distinct  ganglia  which  occur  among  the  latter,  it  holds  the  same  relative 
position.  In  the  brain  of  Vertebrata,  however,  it  is  disposed  externally, 
and  forms  a  sort  of  coating  to  the  mass  beneath,  which  almost  entirely  con- 
sists of  fibrous  structure;  hence  it  has  been  called  the  cortical  substance, 
whilst  the  fibrous  portion  has  been  termed  medullary  matter. 

112.  There  can  be  little  doubt  that  the  functions  of  these  two  divisions 
of  the  nervous  system  are  different.  That  of  the  fibrous  structure,  as  it 
exists  in  the  nervous  trunks,  is  unquestionably  to  conduct  or  convey  the 
inflnence  of  changes,  which  have  taken  place  elsewhere.  And  in  accordance 
with  what  has  previously  been  stated,  of  the  mode  in  which  the  mind  is 
brought  into  relation  with  the  external  world  through  this  nervous  appara- 
tus, we  find  that  there  are  (in  the  higher  tribes  of  Animals,  at  least,  if  not 
in  all)  two  sets  of  fibres:  one  of  which  lias  for  its  office  to  convey  external 
impressions  towards  the  nervous  centres;  whilst  the  other  conveys  the  in- 
fluence of  these  central  organs  to  the  structure  at  large,  and  especially  to 
the  muscular  system.  Hence  it  will  be  convenient  to  denominate  the  first 
afferent  fibres,  and  the  second  efferent.  These  are  to  be  regarded  as  general 
terms,  expressing  only  the  direction  in  which  they  propagate  the  changes 
to  which  they  are  subservient.  The  nature  of  these  changes  will  be  a  sub- 
ject of  future  inquiry.* 

113.  Every  fibre,  there  is  reason  to  believe,  runs  a  distinct  course,  from 
the  central  organ,  in  which  it  loses  itself  at  one  extremity,  to  the  muscle  or 
organ  of  sense  in  which  it  terminates  at  the  other.  Each  Nervous  Trunk 
is  made  up  of  several  fasciculi  of  these  fibres;  and  each  fasciculus  is  com- 
posed of  a  large  number  of  the  ultimate  fibres  themselves.  Although  the 
fasciculi  occasionally  intermix  and  exchange  fibres  with  one  another,  (as 
occurs  in  what  is  termed  a  plexus^)  the  fibres  themselves  never  inosculate. 
Each  would  seem,  therefore,  to  have  its  appropriate  office,  which  it  cannot 
share  with  another.  The  objects  of  a  plexus  are  twofold.  In  some  instances 
it  serves  to  intermix  fibres  which  have  endowments  fundamentally  different: 
for  example,  the  spinal  accessory  nerve,  at  its  origin,  appears  to  be  exclu- 
sively motor,  and  the  roots  of  the  par  vagum  are  as  exclusively  sensory; 
but  by  the  early  admixture  of  these,  a  large  number  of  motor  fibres  are  im- 
parted to  the  par  vagum,  and  are  distributed,  in  variable  proportion,  with  its 
different  branches;  whilst  few  of  its  sensory  filaments  seem  to  enter  the 
spinal  accessory.  In  other  instances  the  object  of  a  plexus  appears  to  be, 
to  give  a  more  advantageous  distribution  to  fibres,  which  all  possess  corre- 
sponding endowments.  Thus  the  brachial  plexus  mixes  together  the  fibres 
arising  from  ^\vg  segments  of  the  spinal  cord,  and  sends  off  five  principal 
trunks  to  supply  the  arm.  Now  if  each  of  these  tninks  had  arisen  by  itself, 
from  a  distinct  segment  of  the  spinal  cord,  so  that  the  parts  on  which  it  is 
distributed  had  only  a  single  connection  with  the  nervous  centres,  they 
would  have  been  much  more  liable  to  paralysis  than  at  present.     By  means 

♦  The  statement  regarding  the  grey  or  organic  fibres  of  the  Nervous  System, 
which  is  here  made  on  the  authority  of  Molier,  Remak,  and  others,  is  somewhat  more 
positive  than  ot^rvation  has  yet  justified;  the  Author  believes,  however,  that  it  will 
prove  correct. 
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of  the  plexus,  every  part  is  supplied  with  fibres  arising  from  each  segment 
of  the  spinal  cord;  and  the  functions  of  the  whole  must  therefore  be  sus- 
pended, before  complete  paralysis  of  any  part  can  occur,  from  a  cause  which 
operates  above  the  plexus.  Such  a  view  is  borne  out  by  direct  experiment; 
for  it  has  been  ascertained  by  Panizza  that,  in  Frogs,  whose  crural  plexus 
is  much  less  complicated  than  that  of  Mammalia,  section  of  the  roots  of  one 
of  the  three  nerves  which  enter  into  it,  produces  litde  effect  on  the  general 
movements  of  the  limb;  and  that,  even  when  two  are  divided,  there  is  no 
paralysis  of  any  of  its  actions,  all  being  weakened  in  a  nearly  similar  de- 
gree. It  is  not  unlikely  also  that,  by  this  arrangement,  a  consentaneotisnesa 
of  action  is  in  some  degree  favoured,  as  is  supposed  by  Sir  C.  Bell;  for 
comparative  anatomy  shows  that  something  resembling  it  may  be  traced, 
wherever  a  similar  purpose  has  to  be  attained.  Thus,  in  the  Hymenoptera, 
there  is  a  similar  interlacement  between  the  nerves  of  the  anterior  and  pos- 
terior pairs  of  wings,  which  act  very  powerfully  together;  whilst  in  the 
Coleoptera,  in  which  the  anterior  wings  are  converted  into  elytra,  and  are 
motionless  during  flight,  the  nerves  supplying  each  pair  run  their  course 
distinctly.  In  the  Octopus,  or  Poulp,  again,  the  trunks  which  radiate  from 
the  cephalic  mass  to  the  eight  large  arms  surrounding  the  head,  are  connected 
by  a  circular  band;  forming  a  kind  of  plexus,  which  evidently  contributes 
to  the  very  powerful  and  harmonious  movements  of  the  arms  of  this  Cepha- 
lopod.  It  is  considered  by  Dr.  Alison,  that  the  origin  of  the  trunks  which 
supply  the  various  muscles  of  the  extremities,  from  several  segments  of  the 
spinal  cord,  instead  of  one,  has  the  further  use  of  enabling  the  mind  to  vary, 
in  greater  degree  than  would  otherwise  be  possible,  the  power  with  which 
the  muscle  shall  be  called  into  action;  and  this  idea  is  certainly  supported 
by  the  curious  fact,  that  it  is  in  the  nerves  of  tlie  extremities  only  that  this 
plexiform  arrangement  prevails;  and  that  the  nerves  of  the  eyeball,  in  whose 
action  there  is  an  equal  degree  of  consentaneousness  but  far  less  variety  of 
power,  arise  from  single  points  of  the  cerebro-spinal  axis.  It  is  further  con- 
sidered by  Dr.  A.  that  the  plexiform  arrangement  may  enable  the  sensations 
proceeding  from  the  muscles  (which  are  important  guides  in  their  move- 
ment), to  be  more  distinct,  and  consequendy  more  easily  discriminated  from 
one  another,  than  they  would  otherwise  be;  and  there  does  not  seem  any 
reason  why  the  same  view  should  not  be  extended  to  the  sensory  impres- 
sions communicated  from  the  general  surface  of  the  extremities. 

114.  In  those  Nervous  Centres,  of  which  the  bulk  is  not  great  in  pro- 
portion to  the  size  of  the  nerves  connected  with  them,  there  is  commonly 
but  little  difficulty  in  tracing  the  fibres  of  the  latter  into  their  substance,  and 
observing  their  termination  in  the  grey  matter  of  their  nucleus.  But,  in  the 
brain  of  the  higher  Vertebrata,  and  especially  in  that  of  Man,  the  case  is 
somewhat  difierent.  The  great  mass  of  this  organ  is  composed  of  fibres 
communicating  between  the  different  portions  of  its  own  cortical  substance; 
and  those  which  are  connected  with  the  nervous  trunks  cannot  be  so  readily 
distinguished.  Still  there  can  be  little  doubt,  that  there  is  here,  also,  a  con- 
formity with  the  general  proposition, — that  each  fibre,  at  its  central  termina- 
tion, passes  towards  the  grey  matter,  in  which  it  loses  itself,  and  maintaiot 
its  distinctness  from  the  rest,  even  through  the  most  complex  interlacemenU 

Elementary  Functions  of  Nervous  Structures, 

115.  As  the  structure  of  the  Medullary  matter  of  the  Brain  and  Spinal 
cord  does  not  present  any  essential  diflerence  from  that  of  the  nervoiu 
trunks,  and  as  a  part  of  their  fibres  are  continuous  with  those  of  the  latter. 
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there  appears  some  ground  for  the  belief,  that  the  fanction  is  the  same  in 
both  instances;  and  that  the  tubular  fibres,  wherever  they  present  them- 
selves, serve  as  conductors  of  the  changes,  which  take  place  (usually  at  least) 
at  one  of  their  extremities.  We  then  come  to  inquire  how  these  changes 
are  originattd;  and,  finding  at  the  central  extremity  a  substance  of  peculiar 
character,  and  evidently  (from  the  quantity  of  blood  sent  to  it)  the  seat  of 
important  and  energetic  operations,  we  are  naturally  led  to  inquire  if  any 
soeh  structure  can  be  detected  in  the  peripheral  terminations  of  the  nervous 
fibres.  Microscopic  examination  of  those  which  are  connected  with  sensory 
organs,  shows  that  they  come  into  relation  with  a  substance  very  analogous 
to  the  grey  matter  of  the  centres,  though  its  elements  are  somewhat  differ- 
ently arranged.  It  is  evident,  both  in  the  retina,  the  expansion  of  the  audi- 
tory and  olfactory  nerves,  and  in  the  papillse  of  the  skin  and  tongue,  that  the 
fibres  terminate  in  close  approximation  with  a  vascular  plexus;  and  a  granu- 
lar stmetare  is  always  present,  which  seems  (as  in  the  cortical  substance  of 
the  brain)  to  be  intermediate  between  these.  We  may  regard  this  point, 
therefore,  as  (he  origin  of  the  afferent  fibres;  and  it  would  seem  to  be  here, 
thai  those  changes  are  effected  by  external  impressions,  which  are  propa- 
gated by  the  fibres  to  the  central  organs.  No w  it  is  an  interesting  discovery, 
recently  made  by  Foville,  that  the  fibres  which  radiate  from  the  sensory 
tract  of  the  medulla  oblongata  towards  the  cortical  substance  of  the  hemi- 
spheres, do  not  terminate  in  it;  but  that  they  form  a  series  of  loops,  passing 
throQgh  it  and  converging  again  towards  the  centre  from  which  they  had 
diverged.  Some  of  these  loops  do  not  reach  the  exterior  of  the  hemi- 
spheres, but  pass  through  the  isolated  tracts  of  grey  matter  which  the  brain 
contains. 

116.  On  the  other  hand,  the  influence  which  produces  muscular  con- 
tnction  is  transmitted /rom  the  central  organs,  and  probably  from  their 
grey  matter;  and  this  we  may  regard  as  the  origin  of  the  efferent  fibres. 
These  efferent  fibres  are  distributed  on  the  muscles  nearly  in  the  same 
manner  that  the  afferent  spread  through  the  brain;  that  is,  they  do  not 
terns inate  in  free  extremities,  but  a  series  of  returning  loops  is  formed  by 
them. 

1 17.  It  maybe  argued  against  this  view  of  the  respective  functions  of  the 
grmnuiar  and  fibrous  structures,  that  sensation  may  be  produced  by  pinching 
an  afferent  trunk  in  its  course,  and  that  motion  may  be  excited  by  irritating 
an  efferent  nerve;  so  that  the  changes,  which  have  been  spoken  of  as  occur- 
ring at  their  points  of  origin  in  the  vascular  plexus,  are  not  to  be  regarded 
as  the  means  by  which  such  influences  are  produced.  But  this  argument 
will  have  little  weight,  when  it  is  recollected  that,  on  the  same  ground,  we 
might  infer  that  neither  the  organs  of  sensation,  on  the  one  hand,  nor  any 
part  of  the  brain,  or  spinal  cord,  on  the  other,  are  the  sources  of  the  changes 
in  question.  The  effects  are  obviously  due  to  the  fact,  that  the  artificial 
stimulus  imitates  the  natural  one;  and  thus  it  is  that,  if  a  sensory  nerve  be 
compressed,  the  sensation  produced  is  referred  to  the  part  of  the  surface  to 
which  its  branches  are  distributed. 

1 18.  The  belief  that  all  changes  in  the  nervous  system,  whether  they  take 
place  at  the  centre  or  at  the  periphery,  originate  at  the  points  in  which  the 
fibres  come  into  relation  with  the  vascular  plexus,  derives  confirmation  from 
the  well-known  dependence  of  these  changes  upon  the  activity  of  the  circu- 
lation through  the  part  at  which  they  occur.  Thus,  if  the  circulation  of 
blood  through  the  brain  be  suspended  for  an  instant,  insensibility  super- 
venes. If  the  cause  of  suspension  be  local  only,  the  remainder  of  the  ner- 
vous system  may  still  be  excited  to  action.     This  was  the  case  in  experi- 
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ments  made  by  Sir  A.  Cooper.  After  having  tied  both  carotid  arteries  in  a 
dog,  he  compressed  the  vertebral  trunks,  and  immediate  insensibility  re- 
sulted, proving  the  inactive  condition  of  the  brain;  whilst  convulsions  also 
occurred,  showing  that  the  functions  of  tlie  spinal  cord  were  not  suspended, 
but  only  deranged.  But  if,  as  in  syncope,  the  circulation  through  the  spinal 
cord  also  be  weakened,  its  power  of  producing  motions  in  respondence  to 
impressions  is  diminished  in  like  proportion.  In  the  same  manner,  the 
production  of  impressions  on  the  peripheral  origins  of  the  afferent  nerves 
appears  equally  dependent  upon  the  active  influence  of  the  vascular  system. 
Every  one  knows  that  cold,  which  retards  the  circulation  of  blood  through 
the  skin,  diminishes  also  its  sensibility;  and  obstruction  to  the  circulation 
by  any  other  cause,  such  as  pressure  on  the  arterial  trunks,  produces  the 
same  effect.  We  have  no  opportunities  of  observing  such  affections  of  the 
special  sensory  organs,  except  when  the  whole  supply  of  blood  to  the  head 
is  checked;  and  then,  as  the  brain  is  also  affected,  there  is  no  proof  that  the 
absence  of  sensation  is  partly  due  to  the  suspension  of  their  impressibility* 
though  it  can  scarcely  be  doubted  that  this  is  the  case.  Moreover,  it  is 
always  found  that  an  increase  in  local  circulation  is  accompanied  by  an  ex- 
altation of  the  sensibility  of  the  part.  This  may  be  especially  noticed  in  the 
genital  organs  of  animals  during  the  period  of  heat;  and  in  those  of  man 
when  in  a  state  of  venereal  excitement.  It  may  be  remarked,  also,  in  those 
affections  so  closely  bordering  upon  inflammation,  to  which  the  term  active 
congestion^  or  determination  ofhlnod^  has  been  applied.  The  pain  which 
usually  accompanies  inflammation  may  be  partly  referred  to  this  source;  but 
it  seems  principally  dependent  upon  other  causes. 

119.  Our  simplest  idea,  then,  of  a  nervous  system,  includes  a  Central 
organ,  of  which  the  grey  matter,  formed  by  the  intermixture  of  nervous 
fibres  and  blood-vessels,  is  the  essential  part;  and  an  afferent  and  efferent 
set  of  fibres  connected  with  it,^-one  conveying  to  it  the  impressions  pro- 
duced by  external  changes  upon  the  periphery  (where  also  the  nervous 
structure  comes  into  peculiar  relation  with  the  vascular  system), — and  the 
other  conducting  from  it  the  motor  stimulus,  originating  in  itself,  to  the  con- 
tractile tissue.  This  is  precisely  what  we  find  in  the  lowest  animals,  in 
which  a  nervous  apparatus  can  be  distinguished,  as  will  be  hereafter  ex- 
plained. At  present  it  will  be  desirable  to  consider  some  other  questionSy 
which  early  present  themselves  in  the  study  of  Neurology. 

Mode  of  determining  the  functions  of  Nerves, 

120.  Various  methods  of  determining  the  functions  of  particular  nerves 
present  themselves  to  the  physiological  inquirer.  One  source  of  evidence 
IS  drawn  from  their  anatomical  distribution.  For  example,  if  a  nervons 
trunk  is  found  to  lose  itself  entirely  in  the  substance  of  muscles,  it  may  be 
inferred  to  be  chiefly,  if  not  entirely,  motor  or  efferent  In  this  manner, 
Willis  long  ago  determined  that  the  third,  fourth,  sixth,  portio  dura  of  the 
seventh,  and  ninth  cranial  nerves,  are  almost  entirely  subservient  to  mus- 
cular movement;  and  the  same  had  been  observed  of  the  fibres  proceeding 
from  the  small  root  of  the  fifth  pair,  before  Sir  C.  Bell  experimentally  de** 
termincd  the  double  function  of  that  division  of  the  nerve,  into  which  alone 
it  enters.  Again,  where  a  nerve  passes  through  the  muscles,  with  little  or 
no  ramification  among  them,  and  proceeds  to  a  cutaneous  or  mucous  suiw 
face,  on  which  its  branches  are  minutely  distributed,  there  is  equal  reason 
to  believe  that  it  is  of  a  sensory,  or  rather  of  an  afferent  character.  In  this 
manner  Willis  came  to  the  conclusion,  that  the  fifth  pair  of  cranial  nenree 
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differs  from  those  previously  mentioned,  in  being  partly  sensory.  Further, 
where  a  nerve  is  entirely  distributed  upon  a  surface  adapted  to  receive  im- 
pressions of  a  special  kind,  as  that  of  the  Schneiderian  membrane,  the  retina, 
or  the  membrane  lining  the  internal  ear,  it  may  be  inferred  that  it  is  not 
capable  of  transmitting  any  other  kind  of  impressions;  for  experiment  has 
shown  that  the  special  sensory  nerves  do  not  possess  common  sensibility. 
The  case  is  different,  however,  in  regard  to  the  sense  of  taste,  which 
originates  in  impressions  not  far  removed  from  those  of  ordinary  touch,  and 
it  is  probable  that  the  same  nerves  minister  to  both.  Anatomical  evidence 
of  this  kind  is  valuable  also,  not  only  in  reference  to  the  functions  of  a  prin- 
cipal trunk,  but  even  as  to  those  of  its  several  branches,  which,  in  some 
instances,  differ  considerably.  Thus,  some  of  the  branches  of  the  par 
vagum  are  especially  motor,  and  others  almost  exclusively  afferent;  and 
anatomical  examination,  carefully  prosecuted,  not  only  assigns  the  reasons 
for  these  functions,  when  ascertained,  but  is  in  itself  nearly  sufficient  to 
determine  them.  Thus  the  superior  laryngeal  nerve  is  distributed  almost 
entirely  upon  the  mucous  surface  of  the  larynx,  the  only  muscle  it  supplies 
being  the  crico-thyroid;  whilst  the  inferior  laryngeal  or  recurrent  is  almost 
exclusively  distributed  to  the  muscles.  From  this  we  should  infer  that  the 
former  is  an  afferent,  and  the  latter  a  motor  nerve;  and  experimental  in- 
quiries (hereafter  to  be  detailed)  fully  confirm  this  view.  In  like  manner 
it  may  be  shown,  that  the  glosso-pharyngeal  is  chiefly  an  afferent  nerve, 
since  it  is  distributed  to  the  surface  of  the  tongue  and  pharynx,  and  scarcely 
at  all  to  the  muscles  of  those  parts;  whilst  the  pharyngeal  branches  of  the 
par  vagum  are  chiefly,  if  not  entirely,  motor.  Lower  down,  however,  the 
branches  of  the  glosso-pharyngeal  cease,  and  the  opsophageal  branches  of 
the  par  vagum  are  distributed  both  to  the  mucous  surface  and  to  the  muscles; 
from  which  it  may  be  inferred  that  they  are  both  afferent  and  motor — a  de- 
duction which  experiment  confirms. 

121.  We  perceive,  therefore,  that  much  knowledge  of  the  function  of  a 
nerve  may  be  obtained  from  the  attentive  study  of  its  ultimate  distribution: 
but  it  is  necessary  that  this  should  be  very  carefully  ascertained,  before  it 
is  made  to  serve  as  the  foundation  for  physiological  inferences.  As  an 
example  of  former  errors  in  this  respect,  may  be  mentioned  the  description 
of  the  portio  dura  of  the  seventh,  at  first  given  by  Sir  C.  Bell:  he  stated 
it  to  be  distributed  to  the  skin  as  well  as  to  the  muscles  of  the  face,  and 
evidently  reganled  it  as  in  part  an  afferent  nerve,  subservient  to  respiratory 
impressions  as  well  as  motions.  In  the  same  manner,  from  inaccurate 
observation  of  the  ultimate  distribution  of  the  superior  laryngeal  nerve,  it 
was  long  regained  as  that  which  stimulated  to  action  the  constrictors  of  the 
glottis.  But  the  knowledge  obtained  by  such  anatomical  examinations 
alone  is  of  a  very  general  kind;  and  requires  to  be  made  particular, — to  be 
corrected  and  modified, — by  other  sources  of  information.  One  of  these 
relates  to  the  connection  of  the  trunks  with  the  central  organs.  The  evidence 
derived  from  this  source,  however,  is  seldom  of  a  very  definite  character; 
and,  in  fact,  the  functions  of  particular  divisions  of  the  nervous  centres  have 
been  hitherto  rather  judged  of  by  those  of  the  nerves  with  which  they  are 
connected,  than  have  afforded  aid  in  the  determination  of  the  latter.  Still, 
this  kind  of  examination  is  not  without  its  use,  where  there  is  reason  to 
believe  that  a  particular  tract  of  fibrous  structure  has  a  certain  function,  and 
the  office  of  a  nerve  whose  roots  terminate  in  it  is  doubtful.  Here  again, 
however,  very  minute  and  accurate  examination  is  necessary,  before  any 
sound  physiological  inferences  can  be  drawn  from  facts  of  this  description; 
and  many  instances  might  be  adduced  to  show,  that  the  real  connections  of 
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nerves  and  nervous  centres  are  often  very  difierent  from  their  apparent 
ones. 

122.  Experimental  inquiries  into  the  functions  of  particular  nerves  are 
also  liable  to  give  fallacious  results,  unless  they  are  prosecuted  with  a  full 
knowledge  of  all  the  precautions  necessary  to  insure  success.  Some  of 
these  will  be  here  explained.  Suppose  that,  upon  irritating  the  trunk  of  a 
nerve,  whilst  still  in  connection  with  its  centre,  muscular  movements  are 
excited;  it  must  not  be  hence  concluded  that  the  nerve  is  an  efferent  one, 
for  it  may  have  no  directly  motor  powers.  The  next  step  would  be  to 
divide  the  trunk,  and  to  irritate  each  of  the  cut  extremities.  If,  upon 
irritating  the  end  separated  from  the  centre,  muscular  contractions  are  pro- 
duced,  it  may  be  safely  inferred  that  the  nerve  is,  in  part  at  least,  of  an 
efferent  character.  Should  no  such  result  follow,  this  wodld  be  doubtful. 
If,  on  the  other  hand,  muscular  movement  should  be  produced  by  irritating 
the  extremity  nearest  the  centre,  it  will  then  be  evident,  that  it  is  occasioned 
by  an  impression  conveyed  towardi  the  centre  by  thi$  trunk,  and  propagated 
to  the  muscles  by  some  other;  in  other  words,  to  use  the  language  of  Dr. 
M.  Hall,  this  nerve  is  an  excitor  of  motion,  not  a  direct  motor  nerve.  The 
glosso-pharyngeal  nerve  has  been  satisfactorily  determined  to  be  chiefly,  if, 
not  entirely,  an  afferent  nerve,  by  experiments  of  this  kind  performed  by 
Dr.  J.  Reid. 

123.  It  has  been  from  the  want  of  a  proper  mode  of  experimenting,  that 
the  functions  of  the  posterior  roots  of  the  spinal  nerves  have  been  regarded 
as  in  any  degree  motor.  If  they  be  irritated,  without  division  of  either  root, 
motions  are  often  excited;  but  if  they  be  divided,  and  their  separated  trunks 
be  then  irritated,  no  motions  ensue;  nor  are  any  movements  produced  by 
irritation  of  the  roots  in  connection  with  the  spinal  cord,  if  the  anterior  roots 
have  been  divided.  Hence  it  appears  that  the  motor  powers  of  these  fibres 
are  not  direct,  but  that  they  convey  an  impression  to  the  centre,  which  is 
reflected  to  the  muscles  through  the  anterior  roots.  Another  source  of  fal* 
lacy  is  to  be  guarded  against,  arising  from  the  communication  to  a  nerve,  in 
its  course,  of  properties  it  did  not  possess  at  its  root,  by  inosculation  with 
another  nerve.     Of  this  many  instances  will  hereafter  present  themselves. 

124.  The  same  difficulties  do  not  attend  the  determination  of  the  tensory 
properties  of  nerves.  If,  when  the  trunk  of  a  nerve  be  pricked  or  pinched, 
the  animal  exhibits  signs  of  pain,  it  may  be  concluded  that  the  nerve  is 
sensible  to  ordinary  impressions  at  its  peripheral  extremity.  But  not  ua- 
frequently  this  sensibility  is  derived  by  inosculation  with  another  nerve,  at 
is  die  case  with  the  portio  dura,  which  is  sensory  after  it  has  passed  through 
the  parotid  gland,  having  received  there  a  twig  from  the  fifth  pair.  A  simi- 
lar inosculation  explains  the  apparent  sensibility  of  the  anterior  roots  of  the 
spinal  nerves.  If  these  be  irritated,  the  animal  usually  gives  signs  of  unea- 
siness; but  if  they  be  divided,  and  the  cut  ends  nearest  the  centre  be  irritated, 
none  such  are  exhibited;  whilst  they  are  still  shown,  when  the  farther  ends 
are  irritated,  but  not  if  the  posterior  roots  are  divided.  This  seems  to  indi- 
cate that,  from  the  point  of  junction  of  the  two  roots,  sensory  fibres  derived 
from  the  posterior  root  pass  backwards  (or  towards  the  centre)  in  the  ante- 
rior; and  thus  its  apparent  sensory  endowments  are  entirely  dependent  upon 
its  connection  with  the  posterior  column  of  the  spinal  cord,  through  the 
posterior  roots. 

125.  The  fallacies  to  which  all  experiments  upon  the  nerves  are  8ubjeot« 
arising  from  the  partial  loss  of  their  powers  of  receiving  and  conveying 
impressions,  and  of  exciting  the  muscles  to  action,  after  death,  are  too  ol^ 
vious  to  require  particular  mention  here;  yet  they  are  frequently  overlooked. 
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or  a  similar  description  are  those  arising  from  severe  disturbance  of  the 
system,  in  consequence  of  operations;  which  also  have  not  been  enough 
regarded  by  experimenters,  _ 

Nature  of  the  Changes  in  the  Nervous  System. 

126.  Of  the  actual  nature  of  the  changes  by  which  impressions  are  re- 
ceived upon  the  peripheral  origins  of  the  afferent  nerves,  or  communicated 
to  the  central  origins  of  the  motor,  and  are  conducted  along  each  to  their 
opposite  extremities,  physiologists  have  no  certain  knowledge.     That  they 
are  electrical  has  been,  and  still  continues  to  be,  a  favourite  theory  with 
some;  and  that  there  is  a  great  analogy  between  the  propagation  of  nervous 
and  that  of  electrical  influence  cannot  be  denied.     But  the  reasons  in  favour 
of  their  identity  are  not  greater,  than  those  which  might  be  adduced  to 
prove  that  nervous  influence  is  identical  with  other  physical  forces;  since 
mechameal  and  chemical  stimulation  will,  equally  with  electricity,  imitate 
to  a  certain  extent  the  natural  changes  in  this  system.     On  the  other  hand, 
there  are  many  valid  reasons  against  such  a  supposition;  of  which  one  is, 
that  by  patting  a  ligature  round  a  trunk,  its  functions  as  a  conductor  of  ner- 
T008  influence  are  paralyzed,  whilst  it  is  still  capable  of  conveying  electri- 
city.    The  various  fibrils,  too,  are  not  as  completely  insulated  from  each 
other  in  regard  to  the  passage  of  electricity,  as  we  know  them  to  be  in 
respect  to  nervous  agency.     To  the  influence  (whatever  its  nature  may  be) 
which  the  nerves  convey,  the  term  vis  nervosa  has  been  provisionally  ap- 
plied; and  it  is  convenient  to  employ  a  term  of  this  nature,  when  the  laws 
according  to  which  it  operates  are  being  specified.   It  must  be  remembered, 
however,  that  nothing  is  really  gained  by  the  use  of  such  a  term,  which  re- 
sembles one  of  the  unknown  quantities  in  algebra.     It  is  quite  possible  that 
the  changes  in  the  afferent  nerves  may  differ  from  those  that  take  place  in 
the  efferent;  and  that  the  changes  which  convey  some  kinds  of  impressions 
through  the  former,  may  differ  from  those  concerned  in  others.     No  real 
progress  is  made,  therefore,  by  attributing  any  phenomena  of  the  nervous 
system  to  the  vis  nervosa;  any  more  than  by  referring  the  various  material 
changes  in  the  organism  to  the  operation  of  the  vital  principle.    The  laws 
aoeoniing  to  which  these  changes  take  place  are,  however,  legitimate  sub- 
jects for  physiological  investigation.     Those  regulating  the  propagation  of 
nervous  agency  may  be  briefly  stated  as  follows.     They  evidently  result 
from  the  facts  already  mentioned  respecting  the  isolated  character  of  each 
fibril,  and  the  identity  of  its  endowments  through  its  whole  course.     They 
aie  here  stated,  with  some  modification,  in  the  language  of  Mtiller. 

I.  When  the  whole  trunk  of  a  sensory  nerve  is  irritated,  a  sensation  is 
produced,  which  is  referred  by  the  mind  to  the  parts  to  which  its  branches 
are  ultimately  distributed;  and  if  only  part  of  the  trunk  be  irritated,  the  sen- 
sation will  be  referred  to  those  parts  only  supplied  by  the  fibrils  it  contains. 
This  is  evidently  caused  by  the  production  of  a  change  in  the  sensorium, 
corresponding  with  that  which  would  have  been  transmitted  from  the  peri- 
pheral origins  of  the  nerves,  had  the  impressions  been  made  upon  them. 
Such  a  change  only  requires  the  integrity  of  the  afferent  trunk  between  the 
point  irritated  and  the  sensorium;  and  is  not  at  all  dependent  upon  the  state 
of  the  extremity  to  which  the  sensations  are  referred.  This  may  have  been 
paralyzed  by  the  division  of  the  nerve;  or  altogether  separated,  as  in  ampu- 
tation; or  the  relative  position  of  its  parts  may  have  been  changed.  It  re- 
sults from  the  foregoing,  tliat,  when  different  parts  of  the  thickness  of  the 
same  trunk  are  separately  subjected  to  irritation,  the  sensations  are  succes- 
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sively  referred  to  the  several  parts  supplied  by  these  divisions.  This  may 
be  easily  shown  by  compressing  the  ulnar  nerve,  in  different  directions, 
where  it  passes  at  the  inner  side  of  the  elbow-joint. 

II.  The  sensation  produced  by  irritation  of  a  branch  of  the  nerve  is  con- 
fined to  the  parts  to  which  that  branch  is  distributed,  and  does  not  afiect 
the  branches  which  come  off  from  the  nerve  higher  up.  The  rationale  of 
this  law  is  at  once  understood;  but  it  should  be  mentioned  that  there  are 
certain  conditions,  in  which  the  irritation  of  a  single  nerve  will  give  rise  to 
sensations  over  a  great  extent  of  body.  This  is  due,  however,  to  a  par- 
ticular state  of  the  central  organs;  and  not  to  any  direct  communication 
among  the  sensory  fibres. 

III.  The  motor  influence  is  propagated  only  in  a  centrifugal  direction, 
never  in  a  retrograde  course.  It  may  originate  in  a  spontaneous  change  in 
the  central  organs:  or  it  maybe  excited  by  an  impression  conveyed  to  them 
by  afferent  nerves;  but  in  both  cases  its  law  is  the  same. 

IV.  When  the  whole  trunk  of  a  motor  nerve  is  irritated,  all  the  muscles 
which  it  supplies  are  caused  to  contract;  but  when  only  a  part  of  the  trunk 
or  a  branch  is  irritated,  the  contraction  is  confined  to  the  muscles  which 
receive  their  nervous  fibres  from  it.  This  contraction  evidently  results  from 
the  similarity  between  the  effect  of  an  artificial  stimulus  applied  to  the  trunk 
in  its  course,  and  that  of  the  change  in  the  central  organs  by  which  the  vis 
nervosa  is  ordinarily  propagated.  In  this  instance,  as  in  the  other,  there  is 
no  lateral  communication  between  the  fibrils. 

Comparative  Anatomy  and  Physiology  of  the  Nervous  System, 

127.  Although  the  structure  and  distribution  of  the  Nervous  System  in 
the  different  classes  of  Animals  have  been,  until  recently,  but  little  appealed 
to  in  the  determination  of  its  functions,  they  are  capable  of  supplying  evi- 
dence regarding  some  of  these,  not  less  important  in  its  character,  than  that 
which  Comparative  Anatomy  affords  to  other  departments  of  Physiology. 
Some  of  the  principal  of  these  contributions  will  now  be  pointed  out. 

128.  In  the  lowest  tribes  of  the  Radiated  division  of  the  animal  king- 
dom, no  nervous  system  has  yet  been  discovered.  These  have,  thereforet 
been  separated  by  some  naturalists  into  a  new  primary  group,  to  which  the 
designation  of  Merita  has  been  given,  on  account  of  the  (supposed^  **  tnc/it* 
tinct^  diffused,  or  molecular  character  of  their  nervous  system."  This  idea 
of  a  '*  diffused  nervous  system"  seems  to  be  regarded  by  many-^physiolo- 
gists  as  well  as  naturalists — as  the  necessary  alternative,  resulting  from  the 
want  of  any  deflnite  indications  of  its  presence.  It  may  be  said,  however, 
to  be  based  on  very  erroneous  notions,  as  to  the  true  offices  of  the  nervom 
apparatus.  Its  influence  is  not  required  to  endow  the  tissues  with  eon- 
tractility;  a  property  possessed  in  a  high  degree  by  the  structures  of  manj 
Plants,  to  which  these  bein^^s  present  a  much  greater  general  resemblancet 
than  they  bear  to  the  higher  Animals;  and,  even  in  the  latter  (as  will  be 
shown  hereafter),  this  property  is  independent  of  "nervous  agency/* 
although  generally  called  into  exercise  by  it.  That  a  nervous  system  ia  nd 
required  by  them  for  the  performance  of  the  functions  of  Nutrition  and  Re- 
production, otherwise  than  to  supply,  by  its  locomotive  actions,  the  c<Nidi- 
tions  of  those  functions,  would  also  appear  from  its  absence  in  Plants*  II 
is  on  the  sensible  movements  of  these  beings,  that  our  belief  in  their  poa* 
session  of  a  nervous  system  must  be  founded,  when  we  cannot  render  it 
cognizable  by  our  senses.  But  we  must  be  careful  not  to  draw  hasty  in* 
ferences  from  such  phenomena.    Sensible  movements  are,  as  we  have  aeeiit 
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performed  by  the  Dionsea  and  Sensitive  plant,  in  respondence  to  external 
sdiDuli  acting  on  distant  organs;  and  here  the  channel  of  communication  is 
probably  the  vascular  system.  We  observe,  however,  that  even  in  Polypes 
an  impression  made  upon  one  part  (one  of  the  tentacula,  for  example,)  is 
propagated  to  distant  parts,  and  excites  respondent  movements  in  them, 
more  rapidly  than  we  could  imagine  to  occur,  without  such  a  channel  of 
communication,  as  a  nervous  system  only  is  known  to  afford.  Moreover, 
tome  of  their  actions  appear  to  show  a  certain  degree  of  voluntary  power, 
and  therefore  of  consciousness;  being  independent,  so  far  as  can  be  ascer- 
tained, of  the  operation  of  external  stimuli.  These  phenomena,  then,  would 
lead  us  to  suspect  the  existence  of  a  nervous  system  in  the  beings  which 
exhibit  them;  not,  however,  in  a  '*  diffustiP^  condition,  but  in  the  form  of 
connected  filaments.  For,  what  consentaneousness  of  action  can  be  looked 
for  in  a  being,  whose  nervous  matter  is  incorporated  in  the  state  of  isolated 
globules  with  its  tissues?  How  should  an  impression  made  on  one  part  be 
propagated  by  these  to  a  distance?  And  how  can  that  consciousness  and 
will,  which  are  one  in  each  individual,  exist  in  so  many  unconnected  par- 
ticles? If,  then,  we  allow  any  sensibility,  consciousness,  and  voluntary 
power,  to  the  beings  of  this  group  of  Acrita— to  deny  which  would  be  in 
effect  to  exclude  them  from  the  Animal  Kingdom — we  must  regard  these 
faculties  as  associated  with  nervous  filaments,  of  such  delicacy  as  to  elude 
oar  means  of  research.  When  the  general  softness  of  their  textures,  and 
the  laxity  of  structure  which  characterizes  the  nervous  fibres  in  the  lowest 
animals  in  which  they  can  be  traced,  are  kept  in  view,  little  difficulty  need 
be  felt  in  accounting  for  their  apparent  absence.  The  case  is  very  different 
from  that  of  Vegetable  structure,  the  greater  consistency  of  which  enables 
u  to  place  much  more  reliance  upon  the  negative  evidence  afforded  by 
anatomical  research. 

129.  The  correctness  of  this  view  (which  has  been  here  dwelt  on  the 
longer,  because  it  involves  a  fundamental  question  in  Nervous  Physiology) 
is  borne  out  by  the  fact,  that,  in  those  members  of  the  group  whose  size 
and  consistency  allow  their  structures  to  be  sufficiently  examined,  a  definite 
nervous  system  has  been  detected,  in  the  position  which  it  might,  a  priori^ 
be  expected  to  occupy,  according  to  the  type  of  the  individual.  Thus,  in 
the  large  fleshy  isolated  polype,  commonly  known  as  the  Sea-Anemone 
{AcHnid)^  a  nervous  ring  has  been  discovered,  surrounding  the  mouth  as  in 
other  Radiata,  and  sending  off  branches  to  the  tentacula,  with  a  minute  c^an- 
flionic  enlargement  at  the  base  of  each.  In  the  higher  Radiata,  as  the  Star- 
tUh^  the  nervous  system  has  the  same  regular  form  as  that  which  prevails 
through  the  other  organs.  The  mouth  is  surrounded  by  a  filamentous  ring, 
which  presents  a  regular  series  of  ganglionic  enlargements,  of  which  one 
eorresponds  with  each  segment  of  the  body.  From  every  one  of  these,  a 
branch  is  transmitted  to  the  corresponding  ray;  and  two  smaller  ones  pro- 
ceed to  the  viscera  included  in  the  central  disk. 

130.  The  Polypifera  being  the  lowest  of  the  Radiated  classes  in  which 
there  is  a  regularly-organized  digestive  apparatus,  and  which  perform  move- 
seats  of  a  character  ascribable  only  to  a  nervous  system,  it  will  be  desirable 
ID  inquire  a  little  more  particularly  into  the  phenomena  they  exhibit,  and  the 
degree  in  which  these  necessarily  involve  the  possession  of  the  higher  men- 
tal endowments.  In  this  inquiry  we  shall  refer  principally  to  the  little 
Hydra,  or  fresh-water  polype,  the  habits  of  which  are  better  known  than 
Ibose  of  any  other  species.  Although  no  nervous  filaments  have  been  de- 
tected in  this,  we  have  a  right  to  infer  their  presence  for  the  reasons  already 
given;  and  they  probably  form  a  ring  around  the  mouth,  as  in  the  Actinia, 
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sending  filaments  to  the  tentacala.  This  interesting  little  being  may  be 
regarded  as  essentially  a  Mtomach;  and  the  orifice  of  this  is  provided  with 
tentacula,  which  contract  when  irritated  by  the  tonch  of  any  adjacent  body, 
and  endeavour  to  draw  it  towards  the  entrance.  Now,  the  action  in  the 
Human  body,  to  which  this  is  most  allied,  is  evidently  Uiat  of  the  muscles 
of  deglutition,  which  lay  hold,  as  it  were,  of  the  food  that  has  been  conveyed 
to  the  fauces,  and  carry  it  into  the  stomach.  These  muscles  are  called  into 
action,  not  by  an  effort  of  the  will,  but  by  the  contact  of  the  food  with  the 
lining  membrane  of  the  pharynx.  This  impre$$ian  is  propagated  by  the 
glosso-pharyngeal  nerve  to  the  medulla  oblongata,  where  a  respondent  motor 
impulse  is  excited,  which  is  transmitted  through  the  pharyngeal  branches 
of  the  par  vagum  to  the  muscles  of  deglutition,  and  causes  their  contraction. 
This  phenomenon  will  be  more  fully  examined  hereafter;  it  is  adduced  here 
simply  as  an  instance  of  the  important  class  of  reflex  movements,  which  are 
independent  of  the  brain  (though,  to  a  certain  extent,  controlled  by  it),  which 
are  altogether  involuntary,  and  which  do  not  nece$$arily  involve  the  pro- 
duction of  sensation.  There  would  appear  to  be  little  difference  in  the  cha- 
racter of  this  movement,  between  the  simple  Hydra  and  the  most  perfect 
Vertebrated  animal.  In  the  latter,  however,  another  set  of  muscles  are 
superadded  to  these,  for  the  purpose  of  preparing  the  aliment  by  mastication 
for  the  operations  of  the  stomach,  and  of  bringing  it  within  reach  of  the 
pharyngeal  constriction.  But,  it  has  been  urged,  the  inactivity  of  the  tenta- 
cula  when  the  Hydra  is  gorged  with  food,  proves  that  they  are  excited  to 
action  by  the  will  of  the  animal.  This  inference,  however,  may  be  easily 
disproved.  The  muscles  of  deglutition  in  man  are  not  called  into  action 
with  nearly  the  same  readiness  and  energy  when  the  stomach  is  distended 
as  when  it  is  empty;  a  fact  of  which  any  one  may  convince  himself,  by 
observing  the  relative  facility  of  swallowing  at  the  commencement  and  the 
termination  of  a  full  meal.  No  one  will  assert  that  this  variation  is  an  effect 
of  the  will;  indeed,  it  is  often  opposed  to  it;  being  one  of  those  beaatiful 
adaptations  by  which  the  welfare  of  the  economy  is  provided  for,  but  which 
the  indulgence  of  the  sensual  appetites  opposes.  Most  of  the  movements 
of  this  animal,  and  of  others  of  the  class,  appear  to  be  equally  the  result 
of  external  stimuli  with  that  already  described;  and  it  is  only  in  a  few 
instances,  principally  those  of  absolute  locomotion  or  change  of  place,  thai 
any  evidence  of  voluntary  action  can  be  discerned.  It  may  be  occasion- 
ally remarked,  however,  that  one  or  more  of  the  tentacula  are  retracted  or 
extended,  without  the  slightest  appreciable  change  in  any  of  those  external 
circumstances  which  seem  ordinarily  to  affect  the  motions  of  the  animal; 
and  this  action  we  can  scarcely  regard  as  otherwise  than  voluntary. 

131.  Thus  in  the  Nervous  System  of  Radiated  Animals,  we  have  an 
instance  of  that  community  of  function,  which  is  so  remarkable  in  the  organ* 
ism  of  the  lower  tribes,  when  contrasted  with  the  separation  which  is  per- 
ceptible in  those  at  the  opposite  extremity  of  the  scale.  The  visceral  nenree 
of  the  Asterias  are  not  isolated  at  their  central  terminations  from  those  whidi 
are  connected  with  the  sensorial  and  locomotive  functions:  nor  are  thoad' 
which  minister  to  the  instinctive  actions  separable  from  those  which  conr&f 
the  influence  of  the  will.  Every  segment  of  the  body  appears  equal  in  ila 
character  and  endowments  to  the  remainder;  each  has  a  ganglion  appropri- 
ated to  it;  and,  as  the  ganglia,  like  the  segments,  are  all  alike,  neither  of 
them  can  be  regarded  as  having  any  preinding  character. 

13d.  Prom  the  Radiated  we  now  pass  to  the  Molluscous  classes;  tha 
fieneral  character  of  which,  as  a  natural  group,  is  the  remarkable  pre* 
dominanoe  of  the  nutritive  system  over  that  of  animal  life.   In  fact,  although 
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the  organs  which  minister  to  their  vegetative  functions  attain  a  very  high 
degree  of  development,  the  animal  powers  of  sensation  and  locomotion  are, 
in  general,  so  feebly  manifested,  as  to  show  that  they  are  entirely  subservient 
to  Uie  exercise  of  the  former.     There  is  not  in  the  MoUusca,  as  in  the  Ra« 
diata,  any  repetition  of  parts  around  a  common  centre;  and  we  do  not  there- 
fore meet  in  them  with  a  number  of  ganglia  nearly  or  altogether  alike  in 
endowments.    In  some  of  the  higher  species  there  is  a  conformity  between 
the  two  sides  of  the  body,  or  a  lateral  symmetry,  which  involves  a  subdi- 
Tision  of  some  of  the  ganglia,  that  are  single  in  the  inferior  tribes,  into  two 
masses,  which  always  remain  in  connection  with  each  other.     With  this 
exception,  it  may  be  observed,  that  all  the  ganglia,  to  the  number  of  four  or 
five,  which  we  meet  with  in  the  higher  Molluscs,  appear  to  have  distinct 
fanctions;  as  may  be  determined  by  tracing  the  distribution  of  their  nerves. 
Thus  we  find  a  pair  of  cephalic  ganglia,  situated  above  the  cesophagus, 
conneeted  with  the  organs  of  special  sensation,  and  sending  motor  nerves 
(as  we  shall  see  reason  to  believe)  to  all  parts  of  the  body.   This  is  obviously 
analogoos  to  the  brain  of  Vertebrata.     Below  the  cesophagus  there  is  gene- 
rally a  small  ganglion,  connected  with  the  apparatus  of  deglutition,  which 
may  be  called  the  Btomato- gastric  ganglion.     In  connection  with  the  gills 
we  have  always  one  ganglion,  sometimes  a  pair,  which  may  be  termed  the 
hrunckUd  ganglion.     Another  is  found  at  the  base  of  the  foot,  which  may 
be  called  die  ptdal  ganglion.     And  there  is  sometimes  another,  which 
especially  supplies  the  mantle  with  nerves;   and  this  may  be  called  the 
palleai  ganglion.     The  distribution  of  their  nerves  to  the  different  organs 
would  alone  indicate  their  respective  functions;  but  these  are  placed  beyond 
donbt,  by  that  very  great  variety  in  the  disposition  of  these  organs,  which 
ii  characteristic  of  the  Mollusca.     The  development  of  the  sensory  organs, 
the  silnation  of  the  gills,  the  structure  and  position  of  the  foot,  the  conforma- 
tion and  nses  of  the  mantle,  are  well  known  to  differ  in  the  most  obvious 
manner,  in  genera  which  are  closely  allied  to  each  other.     Hence  the 
inatomist  is  able,  by  the  discovery  of  corresponding  changes  in  the  nervous 
•ystem,  to  satisfy  himself  of  the  particular  functions  of  its  different  centres. 
133.  It  is  only  in  the  higher  tribes,  however,  that  this  separation  of  func- 
tion is  evident;  and  it  may  be  especially  noticed  in  the  class  gasteropoda; 
which  is  so  named  from  the  presence  of  a  kind  o(foot,  or  locomotive  organ, 
on  the  underside  of  the  body, — this  being  formed  by  a  'thickening  of  the 
Buscolar  part  of  the  mantle  in  that  situation.     Of  the  animals  belonging  to 
this  class,  some  form  univalve  shells,  whilst  others  are  entirely  shell-less. 
They  are  much  superior  in  general  organization  to  the  animals  inhabiting 
&t9a/pe  shells,  which  are  included  in  (he  class  Conchifera;  and  this  supe- 
riority manifests  itself  strongly  in  the  development  of  the  powers  of  locomo- 
aand  sensation.     The  Conchifera  belong  to  the  group  of  Acephalous,  or 
lets  Mollusca;  the  mouth  not  being  placed  upon  a  prominent  part  of  the 
My,  nor  guarded  with  organs  of  special  sensation.     The  lowest  form  of 
this  group  consists  of  the  class  Tunicata,  composed  of  animals  in  which 
the  whole  body  is  enclosed  in  a  tunic  or  bag,  having  but  two  orifices, 
thnmgh  one  of  which  the  water  is  drawn  in  by  ciliary  action,  whilst  through 
the  other  it  is  expelled.     This  bag  forms  a  large  chamber,  the  lining  of 
which  is  devoted  to  the  respiratory  function;  and  at  the  bottom  of  it  lie  the 
■us  of  the  viscera,  and  the  true  mouth  or  entrance  to  the  stomach.  A  part 
•f  the  water  which  is  taken  into  the  respiratory  chamber  flows  into  this, 
»d  passes  through  the  intestinal  canal,  being  discharged  along  with  that 
which  has  only  served  the  purpose  of  aerating  the  blood.     These  animals 
bve  no  power  of  motion  but  such  as  is  effectecT  by  the  general  contraction 
14 


106  FUNCTIONS  OF  THE  NERVOUS  SYSTEM. 

of  the  respiratory  sac,  which  is  effected  by  a  single  ganglion  placed  between 
its  orifices,  which  is  therefore  chiefly  a  branchial  ganglion;  and  this  is  the 
only  nervous  centre  they  possess.  Although  none  of  the  gasteropoda  are 
able  to  execute  very  active  movements,  few  are  entirely  fixed;  all  are  more 
or  less  dependent  upon  the  exercise  of  these  powers  for  their  supply  of  food; 
and  the  higher  tribes  employ  them  also  in  the  perpetuation  of  the  race,  since 
the  connection  of  two  individuals  is  in  them  an  essential  part  of  this  function. 
Although  the  foot  is  the  chief  instrument  of  locomotion,  some  of  the  naked 
aquatic  species  have  other  means  of  propelling  themselves.  These  move 
through  the  water  by  the  undulations  of  their  whole  bodies,  like  the  leech, 
or  the  vermiform  fishes;  and  a  few  appear  materially  assisted  by  an  expan- 
sion of  the  mantle  on  the  anterior  part  of  the  body,  which  contains  muscular 
fibres,  and  seems  to  act  as  a  fin.  In  every  division  of  the  Animal  Kingdom, 
we  find  the  development  of  special  sensory  organs  to  bear  a  close  relation 
with  that  of  the  locomotive  apparatus.  In  the  present  instance,  we  observe 
an  evident  example  of  this  general  rule.  The  organs  of  vision,  which,  when 
existing  at  all  among  the  Conchifera,  were  very  imperfect,  are  here  almost 
constant  and  more  highly  developed;  the  tentacula  are  more  sensitive,  and 
are  sometimes  increased  in  number  to  six  or  eight;  and  there  is  reason  to 
believe  that  some  of  them  occasionally  minister  to  the  sense  of  smell.  These 
senses,  as  well  as  the  locomotive  powers  of  the  animals,  have  an  obvious 
relation  with  the  supply  of  the  digestive  system,  which  is  not  here,  as  in  the 
inferior  classes,  dependent  upon  the  miscellaneous  aliment  conveyed  to  the 
mouth  by  the  movement  of  the  surrounding  fiuid  medium,  but  is  more 
limited  as  to  the  character  of  the  food  to  which  it  is  adapted;  so  that  the 
animal  requires  the  means  of  becoming  acquainted  with  the  proximity  of 
what  it  can  digest. 

134.  It  is  not  a  little  curious,  however,  that,  although  the  general  surface 
appears  highly  susceptible  of  impressions,  which  excite  responsive  move- 
ments adapted  to  fulfil  some  important  office  in  the  economy,  it  does  not 
seem  to  be  susceptible  of  painful  impressions  in  any  thing  like  the  same 
degree.  This,  which  cannot  but  be  regarded  as  a  beneficent  provision  for 
the  happiness  of  animals  so  incapable  of  offering  any  active  resistance  to 
injury,  would  appear  from  the  observations  of  various  experimenters,  and 
especially  from  the  testimony  of  M .  Ferussac,  who  says,  **  I  have  seen  the 
terrestrial  Gastcropods  allow  their  skin  to  be  eaten  by  others,  and,  in  spite 
of  large  wounds  thus  produced,  show  no  pain."  This  fact  has  an  important 
bearing  on  our  general  views  of  the  operations  of  the  nervous  system;  since 
it  would  seem  to  confirm  an  opinion  founded  upon  other  phenomena,  that 
the  impressiona,  which  produce  reflex  actions  through  the  nervous  system, 
do  not  always  involve  the  production  of  sensation.  Thus,  cases  of  paralysis 
of  tlie  lower  extremities  have  occurred  in  the  human  subject,  in  which  no 
sensibility  existed  in  the  limbs,  nor  had  the  will  any  power  to  move  them; 
yet  irritation  applied  to  the  soles  of  the  feet,  of  which  the  patient  was  not 
conscious,  produced  retractile  movements  in  the  legs.  This  question,  how- 
ever, will  be  more  fully  discussed  hereafter. 

135.  The  nervous  system  of  the  Gasteropoda  consists  of  at  least  three 
distinct  centres,  the  relative  position  of  which  Varies  with  that  of  the  organs 
which  they  supply.  The  anterior  or  cephalic  ganglia  are  larger  in  propor* 
tion  to  the  rest,  than  in  the  Conchifera;  and  they  exhibit  a  tendency  to  gam 
a  position  anterior  to  the  oesophagus,  and  to  approximate  towards  eachothert 
so  as  to  meet  and  form  a  single  ganglionic  mass  on  the  median  line.  The 
branchial  ganglion  is  constantly  to  be  met  with;  but  its  position  is  extremely 
variable.    This  centre,  hdwever,  always  bears  a  close  relation  with  Ham 
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gills,  both  in  situation  and  de^e  of  development;  and  even  where  con- 
joined, as  it  frequently  is,  with  the  pedal  ganglion,  it  may  be  distinguished 
from  it  by  the  distribution  of  its  nerves,  as  well  as  by  its  separate  connection 
with  the  cephalic  ganglia,  which  is  always  noticed  in  such  cases.  This  may 
be  observed  in  the  Patella  (limpet)  and  Limax  (slug).  Sometimes  the 
fonctioDs  of  this  ganglion  are  subdivided  between  two,  of  which  one  is  still 
appropriated  to  the  branchiae,  whilst  the  other  is  connected  with  the  general 
surface  of  the  mantle,  and  with  the  respiratory  passages  which  are  prolon- 
gations of  it,  and  hence  may  be  called  the  palleal  ganglion.  The  position 
(^ihepedai  ganglion  (which  is  generally  double  in  the  Gasteropoda,  though 
the  foot  is  single),  also  varies,  but  in  a  less  degree,  since  it  is  generally  in 
the  neighboarhood  of  the  head.  Besides  these  nervous  centres,  we  find,  in 
many  of  the  Grasteropoda,  a  separate  system  connected  with  a  very  import- 
ant set  of  organs,  the  gustatory  and  manducatory,  which  are  but  slightly 
shadowed  out  among  the  Gonchifera.  In  these  iiigher  tribes,  the  cesopha- 
gus  is  dilated  at  its  commencement  into  a  muscular  cavity;  containing  a 
curious  rasp-like  tongue,  often  supported  upon  cartilages,  which  serves  to 
reduce  the  food;  and  sometimes  furnished  with  horny  maxillae.  The  nerves 
which  supply  these  do  not  proceed  directly  from  the  cephalic  ganglia,  but 
are  a  part  of  a  distinct  system,  which  sends  its  ramifications  along  the  ceso- 
pbagns  and  stomach,  and  which  is  occasionally  connected  with  the  first  by 
inosculating  filaments.  This  set  of  ganglia  and  nerves,  which  is  even  more 
important  from  its  relative  development  in  some  other  classes,  and  into  the 
analogies  of  which  in  the  nervous  system  of  Vertebrata  we  shall  hereafter 
inquire,  may  be  called,  from  its  distribution,  the  stomato-gaatric  system. 

136.  The  manner  in  which  the  cineritious  matter  of  the  ganglia  of  the 
Moilusca  is  disposed,  in  reference  to  the  nervous  fibres  which  stand  in  rela- 
tion to  it,  at  once  distinguishes  these  centres  from  the  ganglia  of  the  Sym- 
pathetic nerve  of  Vertebrata,  or  of  the  posterior  roots  of  the  spinal  nerves, 
with  which  they  have  been  sometimes  compared.  In  the  latter  we  observe 
the  fibres  continued  through  the  ganglia,  and  the  grey  matter  interposed 
amongst  them.  In  the  former,  the  grey  matter  is  confined  to  the  centre, 
and  is  not  traversed  by  fibres;  and  the  roots  of  the  nerves  which  terminate 
in  the  ganglion  are  observed  to  penetrate  to  it,  and  then  to  diverge,  becom- 
ing, as  it  were,  lost  in  its  substance;  and  this  is  alike  the  case  with  what 
are  believed  to  be,  from  their  connections,  both  sensory  and  motor  nerves. 
This  structure  obviously  resembles,  therefore,  that  of  the  centres  of  the 
Cerebro-Spinal  system  in  Vertebrata;  and  these  ganglia  may  be  regarded 
as  corresponding  with  those  parts  of  the  nervous  centres  in  the  Vertebrata, 
the  distribution  of  whose  nerves  is  analogous.  Thus  the  branchial  ganglion 
obviously  corresponds  with  that  portion  of  the  Medulla  Oblongata,  which  is 
the  centre  of  the  respiratory  actions  in  Vertebrata.  The  pedal  ganglion  is 
analogous  to  that  division  of  the  Spinal  Gord,  from  which  the  nerves  of  the 
anterior  or  posterior  extremity  pass  oflf.  It  is  well  known  that  such  portions 
of  the  spinal  cord  may  be  completely  isolated,  without  destroying  the  func- 
tions to  which  they  minister.  Thus,  the  brain  and  lower  part  of  the  spinal 
cord  may  be  removed, — that  portion  only  of  the  cerebro-spinal  axis  being 
left,  which  connects  the  principal  respiratory  nerves,  in  fact  the  respiratory 
ganglioni^—^nd  yet  the  animal  may  continue  to  exist  for  some  time.  It  is 
then  reduced  to  a  condition  similar  to  that  of  the  Tunicata,  whose  single 
finglion,  though  combining  in  some  degree  the  functions  of  those  which 
adst  separately  in  the  higher  tribes,  has  evidently  the  regulation  of  the 
Rspiiatory  movements  for  its  chief  object.  In  the  same  manner,  the  integ- 
lity  of  the  segment  of  the  cord  with  which  the  nerves  of  the  extremities  are 
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connected,  will  enable  them  to  execute  those  movements  of  a  reflex  charac- 
ter, which  depend  upon  its  power  as  their  centre,  even  thou(;h  it  is  isolated 
from  every  other  part  of  the  nervous  apparatus.  The  ceptialic  gang^lia  must 
be  regarded  as  analogous,  not  to  any  single  portion  of  the  Encephalon  in 
Vertebrata,  but  in  some  degree  to  the  whole.  We  find  nerves  of  special 
sensation  proceeding  from  them,  certainly  to  eyes,  perhaps  also  to  olfactive 
organs;  as  well  as  others  of  common  sensation,  supplying  the  tentacula  and 
mouth.  Hence  we  must  admit,  that  they  perform  the  functions  of  the  optic 
ganglia  of  Vertebrata,  and  perhaps  also  of  the  olfactory  lobes;  as  well  as  of 
the  portion  of  the  medulla  oblongata  in  which  the  sensory  portion  of  the 
fifth  pair  terminates.  Moreover,  they  certainly  give  origin  also  to  motor 
nerves,  and  must  thus  perform  the  functions  of  the  Medulla  Oblongata,  from 
which  the  corresponding  nerves  arise  in  Vertebrata,  as  well  as,  perhaps,  of 
the  Cerebellum.  And,  if  we  regard  these  animals  as  enjoying  the  percep- 
tive, reasoning,  and  volitional  faculties,  in  however  low  a  degree,  we  must 
attribute  to  their  cephalic  ganglia  some  portion  of  the  attributes  of  the  cere- 
bral hemispheres  in  the  highest  classes.  This  combination  of  function  will 
not  appear  so  extraordinary,  when  it  is  recollected  that  all  the  central  ope* 
rations  of  the  nervous  system  are  performed  in  the  Tunicata  by  one  gan« 
glion;  and  in  tlie  Radiata  by  a  series,  of  which  each  is  but  a  repetition  of  the 
rest:  and  it  is  quite  conformable  to  the  general  principle  of  the  gradual 
specialization  of  function,  which  may  be  observed  in  ascending  the  scale  of 
organization. 

137.  It  is  obvious  that  the  portion  of  the  Nervous  system  of  the  Gaste* 
ropod  Molluscs,  into  the  analogies  of  which  we  have  thus  inquired,  cannot 
in  the  least  be  compared  as  a  whole  with  the  Sympathetic  system  of  the 
Vertebrata,  which  it  was  formerly  imagined  to  resemble.  The  distribution 
of  some  of  its  nerves  to  the  viscera,  however,  may  indicate  that  it  partly 
performs  the  functions  of  that  system,  with  which  it  is  structurally  inter- 
mixed, even  in  Vertebrata,  as  the  late  inquiries  of  Milller  and  others  (of 
which  the  results  will  hereafter  be  stated)  have  shown.  But  the  stomato- 
gastric  system  may,  perhaps,  with  more  probability  be  considered  as 
executing  its  offices.  Into  the  peculiar  character  of  that  system  we  shall  be 
more  competent  to  inquire,  when  we  have  traced  it  through  other  classes  of 
In  vertebrata. 

138.  Having  thus  separately  considered  the  nervous  centres  of  the  Gas- 
teropoda, and  determined  their  special  functions  by  their  structural  relationfly 
we  shall  inquire  into  the  mode  in  which  these  functions  are  combined,  so 
as  to  enable  them  to  act  in  harmony.  This  is  an  inquiry  of  much  interestv 
in  reference  to  the  determination  of  the  offices  of  the  different  parts  of  the 
nervous  centres  in  Vertebrated  animals.  If  we  examine  the  mode  in  which 
the  different  ganglia  are  united  by  connecting  trunks,  we  are  led  to  perceive 
the  important  fact  that,  while  they  have  little  or  no  communication  with  each 
other,  they  are  all  directly  connected  with  the  cephalic  ganglia,  which  seems 
thus  to  harmonize  and  control  their  individual  actions.  Frequently  sudi 
a  communication  with  one  another  appears  to  exist,  where  there  is  really 
none.  Thus,  in  the  Aplysia^  a  cord  passes  from  the  branchial  gangliont 
which  is  situated  in  a  posterior  part  of  the  body,  to  the  pedal  ganglion* 
Where  such  is  the  case,  the  trunk  is  not  united  with  that  which  proceeds 
from  the  ganglion  through  which  it  passes;  but  the  two  remain  distinct, 
though  running  in  the  same  direction.  Moreover,  the  double  function  of  n 
ganglion  may  be  sometimes  recognized  by  its  being  connected  with  the 
cephalic  mass  by  a  double  trunk.  Thus,  in  the  Aplysia,  that  which  has 
been  termed  the  pedal  ganglion  is  really  made  up  of  a  pedal  and  pallMl 
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ginjlion,  u  is  proved  by  the  dii- 
tribotioD  of  iti  bnnchei;  and  in 
toaTonDity  with  this  double  func- 
boD,  we  find  it  communicating  wilh 
lbs  cephalic  mam  by  two  cords, 
baide*  the  one  which  has  been 
jut  mentioned  aa  paaaing  through 
it,  and  which  appears  as  a  third. 
in  the  BuUtta,  whoae  nervous  sys- 
Mm  is  disposed  on  the  Banie  general 
liian,  the  pedal  and  palleat  ganglia 
m  sefnnleljr  connected  wiih  the 
cephalic;  the  cord  from  the  bran- 
efaial  gangUoD  passing  tlirough  the 
pilleal. 

139.  Fnither,  a  careful  examina- 
tion of  these  ganglia,  and  of  their 
eonneeting  eorda,  discloses  this  iro- 
portanl  bet,  which  is  peculiarly 
erideni  is  the  case  of  the  pedal 
ganglia— that  the  cord  doea  not  lose 
iBelf  in  the  grey  matter  of  the  gan- 
^ioD,  but  diTides  itself  into  fila- 
■wnts,  which  mix  with  those  pro- 
ceeding from  it,  lo  form  the  nervous 
mnka  which  it  distribales.  We  can 
icanely,  then,  tu\  to  infer,  that  the 
pedal  ganglion,  with  the  nervous 
&brib  proceeding  from  itself,  is  the 
saoree  or  (he  reSex  actions  of  this 
aigan;  whilst  the  filaments  which 
sre  continuous  with  those  of  the 
eoDDecting  trunk,  and  which  are 
ihos  in  relation  with  the  nucleus  of 
Ae  cephalic  ganglia,  are  the  chan-  c, 
sets  of  sensory  impressions,  and  o(^'>' 

Ik  ...o.^  topui...  of  voiiii™.  This  ■s:z.zz:;z'Z";rs.ri7.rz~!::i 

»  well  dlustrated  in  ihe  very  curious  ctnitr*-.  ihfwr  nn  unlu^  wlUi  nrh  athn  by  iw'i 

fcposition  of  parts  which  we  find  'wmv"*?  t«ndi, bMwiwn  which  ih>  »«»  pu^.. 
■  Ihe  arms  of  the  Cutlte-fish.  Fheie  i,„k.„j,„n  «,b  ^d-  «..ihe  br^ntki^  j.nVii  ,n; 

mt  provided,  as  it  is   well   known, ihiaoMdwoWlnu-wiihiinrufUuttarHpnio-'iI. 

mh  sseries  of  suckers,  which  are  lo  "« ''^"  "i"  ci-fhtiK  s.psimii. 
Ae  animal  important  instnimenls  of 

Iseomotion  and  prehension.  It  has  been  observed  by  Dr.  Sharpey,  thai  the 
■rves  which  supply  these  arms  are  provided  wilh  ganglionic  enlargements, 
Wwhich  one  corresponds  wilh  each  sucker;  and  (hat  each  trunk  eonBi:<ts  of 
l«o  tncts,  in  one  of  which  the  ganglionic  enlargements  exist:  whilst  Ihe 
•Acr  passes  continuously  over  these,  but  sends  otT  nervous  filamenta,  whirh 
Up  lo  rorm  the  branch  going  to  each  sucker.  It  has  been  supposed  that 
Ae  white  or  fibrous  tract  is  the  motor  portioo.  and  the  ganglionic  the  ei^n- 
sory;  but  this  is  inconsistent  with  the  facts  known  re^rding  the  influence 
Wihe  nerves  upon  the  movements  of  the  suckers.  When  the  animal  wishes 
ID  embrace  any  object  firmly  with  iia  ann,  it  brings  all  the  suckers  simuiia- 
Monaly  to  bear  upon  iL     There  can  be  little  doubt  that  this  action  is  occa- 


rtpialit.     Tlie  crplullc  la  <-.>nniH 
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sioned  by  a  motor  impulse,  propagated  from  the  cephalic  masses  by  the 
non-ganglionic  portion  of  the  cord,  which  supplies  all  the  suckers  alike.  On 
the  other  hand,  any  individual  sucker  may  be  made  to  attach  itself,  by  placing 
a  substance  in  contact  with  it  alone;  this  action  is  independent  of  the  cephalic 
ganglia,  as  is  evident  from  the  fact,  that  it  will  take  place  when  the  arm  is 
severed  from  the  body,  or  even  in  a  small  piece  of  the  arm,  if  recently 
separated;  and  it  can  scarcely  be  doubted,  that  it  is  due  to  the  reflexion 
of  the  impression  made  upon  the  sucker,  through  the  small  ganglion  in  its 
neighbourhood,  where  it  excites  a  motor  impulse.  The  operation  of  these 
independent  centres  appears,  in  the  entire  living  animal,  to  be  controlled, 
directed,  and  combined,  by  the  cephalic  ganglia,  through  the  medium  of  the 
fibrous  band  that  passes  over  them,  and  mixes  its  branches  with  theirs.  A 
very  similar  arrangement  will  be  presently  shown  to  exist  in  the  double 
nervous  column  of  the  Artie ulata. 

140.  Upon  reviewing  all  the  anatomical  facts  hitherto  stated,  it  will  be 
perceived  that  ganglionic  masses,  characterized  by  nuclei  of  grey  matter,  or 
of  something  equivalent  to  it,  seem  to  be  placed  wherever  it  is  desirable 
that  impressions  made  upon  the  afferent  nerves  should  excite  motions;  and 
that,  as  we  rise  in  the  scale,  there  is  an  increase  in  the  number  of  centres 
possessing  a  diversity  of  functions.  We  have  seen  that  sometimes  these 
centres  are,  for  the  sake  of  convenient  disposition,  united  into  one  mass; 
whilst,  on  the  other  hand,  when  the  organs  are  multiplied,  they  also  are  re- 
peated to  a  like  extent,  especially  when  it  is  desirable  that  they  should  be 
able  to  act  independently  of  one  another,  as  in  the  case  of  the  suckers  of  the 
Cuttle-fish.  It  may  further  be  remarked,  that,  wherever  the  presence  of 
special  sensory  organs,  confined  to  one  part  of  the  body,  gives  to  that  part 
a  predominance  over  the  remainder  (the  entrance  to  the  alimentary  caoal 
being  always  in  this  neighbourhood),  we  find  the  ganglia  with  which  they 
are  connected  possessing  a  special  relation  with  all  the  rest,  which  these  do 
not  possess  with  each  other.  It  is  obvious  that,  where  visual  organs  are 
developed,  the  impressions  made  upon  these  will  determine  the  movements 
of  the  animal,  more  than  those  of  any  other  kind;  and  it  would  seem  to  be 
chiefly  owing  to  the  information  they  communicate,  that  the  cephalic  gan- 
glion has  such  an  evident  presiding  influence  over  the  rest,  even  when 
smaller  than  any  of  them.  This  is,  however,  more  the  case  in  animals 
whose  movements  are  rapid,  and  in  which,  therefore,  the  perception  of  dis- 
tant objects  is  more  important — as  in  the  Insect  tribes.  Except  in  the 
Cephalopoda,  the  subservience  of  the  nervous  system  to  the  nutritive  func- 
tions of  the  Mollusca  is  so  great,  that  it  might  almost  be  regarded  as  an 
appendage  to  the  digestive  organs,  destined  for  the  selection  and  prehension 
of  aliment.  But  in  the  more  active  members  of  that  class,  it  derives  a  more 
elevated  character,  from  the  development  of  organs  of  special  sensation  and 
of  active  locomotion. 

141.  A  close  relation  may  be  traced  between  the  predominance  of  the 
cephalic  ganglion,  and  the  evidence  of  the  operations  of  sensation  and  voli- 
tion, as  manifested  in  the  movements  of  the  animal.  So  long  as  food  is 
within  its  reach,  we  can  scarcely  regard  the  prehension  of  it  as  an  act  of 
any  higher  character  than  that  of  the  infant  when  it  applies  its  lips  to  the 
nipple  of  the  mother;  and  this  action  is  known  f by  observation  of  acephalous 
monsters,  and  by  experiments  on  puppies,  &c.)  not  to  be  dependent  on  the 
presence  of  a  brain,  and  may  therefore  be  regarded  (as  will  subsequently 
appear)  as  not  necessarily  involving  either  sensation  or  volition,  although, 
in  the  perfect  state  of  the  being,  it  is  accompanied  by  the  former.  But,  when 
the  animal  has  to  exercise  its  organs  of  special  sensation,  and  to  put  its 
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gcnenl  locomotive  apparatus  into  ac- 
an^  for  the  purpose  of  seeking  its  alj- 
mtDt,  iu  operations  must  be  regarded  as 
of  1  higher  order.  Still,  many  of  these 
may  be  considered  inttinetivt;  that  is  to 
ny,  not  involving'  any  reasoning  powers, 
or  «ny  notion  of  purpose,  on  the  pari  of 
the  animal  itwlT,  but  more  analogous  to 
ihoae  involuntary  actions,  which  result 
fiom  the  excitement  of  the  eraolions  in 
Han.  We  may  lake  a  well-known  case 
in  illnatration — the  ejectment  of  the  cod- 
ttnu  of  the  ink-bag  which  takes  place 
when  the  Cuttle-fish  is  pursued.  This 
his  been  npresented  by  some  as  of  a 
volunlary  character,  and  as  indicating  a 
de«ign  m  ibe  part  of  the  animal  to  con- 
ceal iladf  from  its  pursuers.  But  such 
a  snppoailiaii  involves  an  amount  of  rea- 
soning power  on  the  part  of  the  animal 
whieb  we  can  scarcely  attribute  to  it;  and, 
if  the  action  were  not  performed  to  as 
Bodi  advantage  the y!rsl  time  as  it  might 
be  <Hi  a  sabwquent  occasion,  it  would 
obfioiuly  be  of  little  use.  ll  may  rather 
be  likened  lo  the  expulsion  of  the  con- 
Iniiof  ibe  rectum  and  bladder  under 
■be  OBOtioo  of  fear,  which  many  of  the 
Htuun  species  (in  their  schoolboy  days 
opedallT)  know  by  experience  tn  result 
bMB  an  impalse  unconlrollable  by  the 
vilL  This  view  of  ila  character  is 
itnngtbened  by  the  fact,  thai  the  secre- 
Ma  of  ink  is  really  analogous  lo  thai  of 
■ruu. 

143.  Ve  shall  now  inquire  how  far 
Aese  donrines  are  applicable  lo  the  Ar- 
ncTLATAu.  The  animals  composing  this 
graap  all  prevent,  in  a  more  or  less  evi- 
ical  tlenre,  a  division  into  segments, 
vkicb  have  an  obvious  tendency  to  re* 
■able  one  another,  as  in  the  Radiaia. 
la  those  in  which  these  seo-menia  differ 
bat  lirJe  'as  in  the  Centipede,  or  ihe 
Cnetpillar  of  tfatf  Insect;  (hen  ervoua 
tpiem  is  a  repeiiiion  of  similar  pans, 
di^osed,  not  in  a  circle,  as  in  the  TLa.- 
£^,  but  in  a  continuous  line.  The 
■oai  anterior  of  the  Eanzlia.  hgwever. 
ba  an  evi43ent  predoniinaiine  influence 
•»w  ifae  rtst.  lor  ihe  reason  just  sp*- 
(ified:  and  ibis  inflcence  wiU  be  fonnd.  ' 
br  comparison  in  other  clafsef.  lo  di-  | 
■tBiah  with  tbe  loss,  and  to  increase  i 
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with  the  development,  of  the  faculties  of  special  sensation  which  have  their 
seat  there.  The  locomotive  powers  are  just  as  predominant  in  the  Articu- 
lated series,  as  are  the  nutritive  functions  among  the  MoUusca.  Accordingly, 
we  find  the  development  of  the  Nervous  System  to  bear  a  special  reference 
to  them;  and  the  sensori-motor  divisions  of  it  can  be  more  distinctly  sepa- 
rated, than  in  the  MoUusca,  from  the  portion  which  ministers  to  the  organic 
functions. 

143.  The  general  arrangement  of  the  Nervous  System  differs  so  little, 
except  as  to  the  degree  of  concentration  of  the  ganglia,  in  the  different  classes 
of  this  sub-kingdom,  that  it  is  of  little  consequence  what  example  we  select 
It  will  be  convenient  to  take  for  illustration  that  of  the  Larva  of  the  Sphinx 
Ligustri,  or  Privet  Hawk-Moth,  which  has  been  minutely  described  by 
Mr.  Newport.  Here  we  observe  a  chain  of  ganglia  running  from  one 
extremity  of  the  body  to  the  other,  along  the  ventral  surface,  and  in  the 
median  line.  These  ganglia  are  connected  by  trunks,  which,  on  close 
examination,  are  seen  to  consist  of  two  cords  closely  united.  The  cephalic 
ganglion  is  bilobed;  evidently  consisting  of  two  masses,  which  are  united 
on  the  median  line.  These  receive  the  nerves  of  the  eyes  and  antennae; 
but  they  are  still  of  small  size,  in  accordance  with  the  low  development  of 
the  sensory  organs.  The  ganglia  of  the  longitudinal  cord  are  nearly  equal, 
from  one  extremity  of  the  body  to  the  other.  Each  sends  oflf  nerves  to  its 
respective  segments;  and  the  branches  proceeding  from  the  different  ganglia 
have  little  communication  with  each  other.  The  highest  of  them,  situated 
just  beneath  the  cesophagus,  is  connected  with  the  cephalic  masses  by  two 
cords,  between  which  that  canal  passes,  encircled,  as  it  were,  in  a  ring. 
When  we  examine  one  of  the  ganglia  of  the  ventral  cord,  and  the  nerves 
which  seem  to  originate  from  it,  we  find  that  each  nerve  has  three  series  of 
roots:  one  of  which  terminates,  as  in  the  other  cases,  in  the  grey  matter  of 
the  ganglion  itself;  another  interlaces  with  those  of  the  opposite  side;  whilst 
the  third  is  continuous  with  a  fibrous  portion  of  the  cord,  which  may  be 
traced  uninterruptedly  to  the  cephalic  ganglia.  When  the  structure  of  the 
cord  itself  is  analyzed,  it  is  seen  that  the  fibrous  tract  or  column  is  through- 
out distinct  from  that  which  contains  the  ganglionic  enlargements  (Fig.  12« 
a);  and  that  it  does  not  contribute  towards  the  formation  of  these,  but  passee 
over  them  (as  was  first  observed  by  Mr.  Newport),  like  the  analogous  trunk 
in  the  arms  of  the  Cuttle-fish. 

144.  After  what  has  been  said  of  the  offices  which  the  ganglia  perform 
in  the  MoUusca,  and  of  the  relation  which  they  bear  to  the  cephalic  mase, 
we  shall  have  little  difficulty  in  understanding  the  character  of  the  nervous 
apparatus  in  the  Articulata,  if  our  minds  be  unoccupied  by  any  preconceived 
notion.  When  we  examine  into  the  actions  of  the  ventral  cord,  we  perceive 
that  those  of  all  its  ganglia  are  similar  to  each  other;  being  related  only  to 
the  movements  of  their  respective  segments,  and  of  the  members  which 
belong  to  them.  In  fact,  these  ganglia  may  be  regarded  as  so  many  repe- 
titions of  the  pedal  or  locomotive  ganglion  of  the  MoUAsca.  It  is  easily 
proved,  that  the  movements  of  each  pair  of  feet  may  be  produced  by  that 
ganglion  alone  with  which  it  is  connected;  since  a  single  segment,  isolated 
from  the  rest,  will  continue  to  perform  these  movements  for  some  time, 
under  favourable  circumstances.  If  an  Earthworm  be  cut  in  two,  whilst 
crawling,  each  portion  will  continue  to  advance,  though  the  anterior  one 
only  will  permanently  preserve  its  vitality.  If  a  Centipede  be  divided  into 
several  portions  under  the  same  circumstances,  each  will  execute  motions 
of  progression  for  some  time.  But  it  is  evident  that  these  must  be  placedf 
in  the  living  animal,  under  some  general  control,  by  which  the  eonsenta* 
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neonsness  of  action  that  is  essential  to  reg^ular  locomotion  may  be  produced. 
This  is  easily  proved  by  experiment.  If  in  a  Mantis,  for  example,  the 
nervous  cord  be  divided  between  the  first  and  second  thoracic  ganglia,  so  as 
to  isolate  the  ganglionic  centres  of  the  posterior  legs,  the  limbs  will  continue 
to  move  energetically «  but  not  with  a  combined  object,  and  no  progression 
will  take  place.  We  can  scarcely  account  for  the  exercise  of  this  general 
control,  otherwise  than  by  attributing  it  to  the  fibrous  tract,  which  connects 
each  of  the  nervous  trunks  immediately  with  the  cephalic  ganglia,  as  in  the 
Hollnsca;  and  this  must,  therefore,  conduct  to  the  sensorium  (whose  seat  is 
probably  in  the  latter)  the  impressions  which  there  produce  sensations,  and 
most  convey  downwards  the  locomotive  impulse;  whilst  the  ganglion  of 
each  segment,  with  the  filaments  proceeding  from  its  nucleus,  will  form  the 
circle  necessary  for  the  simply  reflex  actions  of  its  members. 

145.  The  independence  of  the  segments  of  the  Articulata,  as  far  as  their 
reflex  actions  are  concerned,  and  their  common  subordination  to  one  pre- 
siding centre  of  the  will,  are  fully  explained  on  this  supposition.     It  is  also 
quite  conformable  to  the  analogy  both  of  the  Mollusca  and  of  Vertebrata. 
We  have  seen  that,  in  the  former,  where  the  ganglia  are  more  isolated  from 
one  another  and  from  the  presiding  centre,  each  appears  to  be  the  centre  of 
simply  reflex  actions  occurring  in  the  organ  with  which  it  is  connected;  but 
that  a  part  of  the  nervous  fibres  which  seem  to  enter  it,  really  pass  on  to 
commanicate  with  the  cephalic  mass,  where  alone,  it  may  be  surmised, 
$en$aiion9  can  be  felt,  and  voluntary  impulses  excited.     And  on  the  other 
hand,  in  Vertebrata,  we  find  the  ganglionic  or  mixed  portion  of  the  spinal 
cord,  and  the  simply  fibrous  tracts,  performing  functions  respectively  ana- 
logons:  for,  when  any  segment  is  isolated  from  the  rest,  reflex  actions  may 
be  excited  through  it,  in  the  production  of  which  the  white  columns  can 
Ksicely  participate; — these  being  structurally  distinct  from  each  other,  and 
from  tiie  ganglionic  portion  of  the  cord,  and  continuous   only  with  the 
fibrous  portion  of  the  brain:  whilst  pathology  supplies  us  with  numerous 
instances  of  the  converse  proposition,  namely,  the  destruction  of  the  gan- 
glionic portion,  without  the  functions  of  the  parts  below  being  impaired; — 
tknr  ganglionic  portion  being  segmentally  independent,  and  their  commu- 
nication with  the  brain  being  maintained  by  a  continuity  of  white  or  fibrous 
stracture. 

146.  The  number  and  variety  of  the  reflex  actions  which  take  place  in 
the  Articulata  after  decapitation,  is  very  remarkable;  and  they  seem  to 
have  a  consentaneousness  proportioned  to  the  closeness  of  the  relation  be- 
tween the  nervous  centres  in  the  respective  species.  Thus,  in  the  Centipede, 
ve  find  the  ganglia  of  each  segment  distinct,  but  connected  by  a  commis- 
wral  trunk.  Here  an  impression  made  equally  upon  the  aflferent  nerves  of 
otf  the  ganglia,  will  produce  a  consentaneous  action.  Thus,  if  the  respira- 
tory orifices  on  one  side  of  a  decapitated  Centipede  be  exposed  to  an  irriiat- 
ing  vapour,  the  body  will  be  immediately  flexed  in  the  opposite  direction; 
nidif  the  stigmata  of  the  other  side  be  then  similarly  irritated,  a  contrary 
movement  will  occur.  But  different  actions  may  be  excited  in  diflerent 
parts  of  the  cord,  by  the  proper  disposition  of  the  irritating  cause.  In  the 
higher  classes,  however,  where  the  ganglia  of  the  locomotive  organs  are 
much  concentrated,  the  same  irritation  will  produce  consentaneous  motions 
in  several  members,  similar  to  those  which  the  unmutilated  animal  performs. 
In  the  Mantis  religiosa,  for  example, — which  ordinarily  places  itself  in  a 
very  curious  position,  especially  when  threatened  or  attacked,  resting  upon 
its  two  posterior  pair  of  legs,  and  elevating  its  thorax  and  the  anterior  pair, 
which  are  armed  with  powerful  claws, — if  the  anterior  segment  of  the  tiio- 
15 
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rax,  with  its  attached  members,  be  removed,  the  posterior  part  of  the  body 
will  still  remain  balanced  upon  the  four  legs  which  belong  to  it,  resisting 
any  attempts  to  overthrow  it;  recovering  its  position  when  disturbed,  and 
performing  the  same  agitated  movements  of  the  wings  and  elytra,  as  when 
the  unmutilated  animal  is  irritated:  on  the  other  hand,  the  detached  portion 
of  the  thorax,  which  contains  a  ganglion,  will,  when  separated  from  the  head, 
set  in  motion  its  long  arms,  and  impress  their  hooks  on  the  fingers  which  hold 
it.  These  facts  prove  unequivocally,  that  the  automatic  movements  of  these 
parts,  which  are  performed  in  direct  respondence  to  external  impressions, 
are  only  dependent  for  their  stimulation  upon  that  ganglionic  centre,  with 
which  the  nerves  that  excite  them  are  immediately  connected.  Another 
instance,  related  by  Burmeister,  is  still  more  satisfactory  in  regard  to  the 
manner  in  which  these  movements  are  excited.  A  specimen  of  the  Dytis- 
CU8  8ulcatU8f  from  which  the  cephalic  ganglia  had  been  removed,  and  which 
remained  in  a  motionless  condition  whilst  lying  with  its  abdomen  on  a  dry 
hard  surface,  executed  the  usual  swimming  motions,  when  cast  into  water, 
with  great  energy  and  rapidity,  striking  all  its  comrades  to  one  side  by  its 
violence,  and  persisting  in  this  for  half  an  hour. 

147.  Without  describing  in  minute  detail  the  forms  which  the  nervous 
system  presents  in  the  higher  classes  of  Articulata,  or  tracing  that  interest- 
ing series  of  changes  which  it  undergoes  during  the  metamorphosis  of  In- 
sects, a  few  particulars  may  be  stated  on  these  subjects,  as  having  an 
immediate  bearing  on  our  present  object.  The  nervous  system  of  the  Larva, 
like  that  of  the  Annelida,  or  Myriapoda,  presents  an  obvious  relation  witli 
the  means  and  extent  of  locomotion  possessed  by  the  animal.  Each  seg- 
ment is  equally  concerned  in  locomotion;  and  with  each  is  associated  2l pedal 
ganglion.  None  of  the  movements  of  the  animal  are  very  energetic;  simple 
and  slow  progression  is  all  for  which  its  structure  is  adapted;  and  the  uni- 
formity in  the  actions  of  its  legs  would  render  it  easy  to  combine  them  at 
the  will  of  the  animal,  even  though  their  respective  centres  remain  so  much 
isolated  from  one  another.  But,  in  the  perfect  Insect,  the  whole  locomotive 
apparatus  is  concentrated  in  the  thorax.  The  six  legs  (which  are  now  all 
that  remain),  and  the  single  or  double  pairs  of  wings,  are  all  developed  from 
its  three  segments;  and  a  much  greater  variety  of  action  is  required,  as  well 
as  more  complete  consentaneousness,  on  account  of  the  increased  number 
and  velocity  of  the  movements  of  the  animal.  We  accordingly  find  that  the 
ganglionic  matter  of  the  ventral  cord  of  perfect  Insects  is  more  or  less  con- 
centrated in  the  thoracic  region;  whilst  the  ganglia  of  the  abdomen  are 
usually  few  and  small;  the  nerves  to  its  segments,  however,  being  given  off 
as  before  at  regular  intervals.  In  some  of  the  Coleoptera  and  Hemiptera, 
the  concentration  of  the  thoracic  ganglia  takes  place  to  such  an  extent,  that 
they  seem  to  form  but  one  mass;  and  this  is  the  case  also  among  some  of 
the  Crustacea,  the  different  forms  of  whose  nervous  system  are  exactly 
parallel  to  those  of  their  congeners  among  the  inhabitants  of  the  air  and 
land.  The  nerves  which  supply  the  wings  of  Insects  are  found,  in  all  stages 
of  the  development  of  these  organs,  to  have  a  double  origin.  One  root 
arises  from  the  fibrous  tract  alone;  whilst  the  other  takes  its  origin  from 
both  tracts  at  the  point  of  enlargement.  When  the  ganglionic  centres  which 
supply  the  anterior  and  posterior  pairs  of  wings  remain  distinct,  there  is  a 
curious  plexiform  arrangement  of  their  nerves,  more  or  less  intricate,  accord* 
Ing  as  the  wings  are  destined  to  act  with  greater  or  less  consentaneous 
energy,  and  absent  when  the  anterior  pair  serve  only  as  elytra,  and  do  not 
assisi  in  flight.  This  would  remind  us  of  the  circular  filament  which  was 
seen  to  connect  the  nerves  of  the  arms  in  the  naked  Cephalopoda.    Besides 
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e  neiTM,  the  wings  are  supplied  from  the  respiratory  system  next  to  be 
Tibed.  fTom  which  scarcely  any  branches  go  lo  the  legs.  This  will  be 
readily  anderatood,  when  it  is  considered  that  the  wings  are  developed,  as 
it  were,  oat  of  an  extension  of  the  respiratory  apparatus,*  and  that  its  actions 
we  closely  connected  with  these  movements, 

148.  Hitherto  we  have  spoken  only  of  that  division  of  the  nervous  system 
of  the  Articulala,  which  may  be  regarded  as  corresponding  with  the  sensory 
ud  locomotiviB  ganglia  of  the  Mollusca;  namely,  the  cephalic,  the  pedal, 
(sod  in  Bonte  instances)  the  palleal.  We  have  next  to  inquire  what  we  find 
eonespondiog  with  the  branchial  ganglion.  It  is  to  be  recollected  that  the 
resphntory  apparatus  of  Insects  is  diffused  throughout  the  whole  body,  so 
that  its  pmiding  system  of  nerves  mast  be  proportionally  extended;  and  we 
ire,  thenfore,  prepared  to  find  the  branchial  ganglion  of  the  MolluBca  re- 
peated, like  the  pedal,  in  each  segment.  Besides  the  nervous  trunks  pro- 
ceeding from  the  ventral  cord  at  its  ganglionic  enlargement,  we  find,  in  most 
of  the  Aiticalated  classes,  a  series  of  smaller  nerves,  given  off  at  interme- 
diate points,  without  any  apparent  swelling  at  the  points  of  divergence.  The 
connections  of  these  are  most  distinctly  seen  in  the  thoracic  region,  jnst  as 
the  Larva  ■  passing  into  the  Pupa  state;  for  the  cords  of  the  ventral  colnmn 

Fig.  la. 


rtH»c(StrmiiM  Sjmtin  nfap^iia  Ii^w/rt,  ifior  Newport,    n.rinsle  ganglion  much  Bnl«B«l, 
ik-rwint  ibedffUnanMnifihp  purely  fibroin  met,  6,  fwnnho  jsngllonit  column,  a.    ■,  ponion  of 

ardtoTthcirmniHricil  i^em.  'c,  viowof  two  •yftsms  combtned.thowtng  thflrirrariEemenl  in 
IkptrtKt  luKO;  s,«uglton  of  veBU»l  columni  d,  fibrou*  UKl  p««lng  ■>•"  "i  "^.  '"pirslorj 
Ifaeai  of  nnru  dmloa  from  boili. 

•  See  Principles  of  General  and  Comparative  Phyriology,  2nii  Ed.  I  465. 
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then  diverge,  so  tliat  an  additional  tract  may  be  seen,  which  occupies  the 
central  line.  By  a  close  scrutiny,  this  tract  may  be  found  in  the  perfect 
Insect,  on  the  superior  or  visceral  aspect  of  the  cord;  and  these  nerves  are 
given  off  from  minute  ganglionic  enlargements  upon  it.  It  seems  to  be  quite 
unconnected  along  its  whole  course  with  the  column  upon  which  it  lies. 
Its  nerves,  however,  communicate  with  those  of  the  sensori-motor  system; 
but  they  have  a  separate  distribution,  being  transmitted  especially  to  the 
tracheae,  on  the  parietes  of  which  they  ramify  minutely,  and  also  to  the  mus- 
cles concerned  in  the  respiratory  movements.  (The  latter,  however,  being 
a  part  of  the  general  locomotive  apparatus,  are  also  supplied  from  the  prin- 
cipal ganglionic  column.)  These  nerves,  then,  which  are  evidently  analo- 
gous to  those  of  the  gills  and  siphonic  apparatus  in  the  Mollusca,  may  be 
regarded  as  corresponding  with  the  pneumonic  portion  of  the  par  vagum  in 
Yertebrata — which  is  in  like  manner  distributed  on  the  air-passages, — and 
with  its  associated  motor  nerves. 

149.  In  comparing  the  nervous  system  of  Insects  with  that  of  the  higher 
Mollusca,  it  will  be  seen  that  they  differ  more  in  the  arrangement  and  in  the 
relative  proportions  of  their  parts,  than  in  their  absolute  character.  In  both 
there  is  a  cephalic  division  of  the  ganglionic  centres,  in  which  sensibility 
and  voluntary  power  appear  to  reside  more  particularly,  if  not  entirely. 
In  both  there  is  a  division  specially  appropriated  to  the  locomotive  appara- 
tus, differing  only  in  the  multiplication  of  the  centres  in  Insects,  conformably 
with  the  arrangement  of  the  members  they  supply;  and  sometimes  con- 
solidated to  nearly  the  same  degree.  In  both,  also,  we  find  a  division 
appropriated  to  the  respiratory  apparatus,  in  which  there  is  a  corresponding 
multiplicity  of  centres  in  the  Articulata,  in  harmony  with  the  universal  dis- 
tribution of  their  tracheal  system.  And  in  both,  as  we  shall  now  see,  there 
is  a  separate  system  of  nerves,  distributed  to  the  alimentary  apparatus,  and 
supplying  the  organs  of  mastication  (with  the  salivary  glands),  of  degluti- 
tion, and  of  digestion. 

150.  Of  the  8tOTnat(hga8tric  system,  some  traces  may  be  found  in  nearly 
all  the  Articulated  classes.  Thus,  in  the  Leech,  we  find  a  minute  ganglion 
existing  at  the  base  of  each  of  the  three  teeth  which  form  the  mouth;  Uiese 
ganglia  are  connected  together,  and,  to  the  cephalic,  by  slender  filaments; 
and  they  seem  also  to  be  in  connection  with  other  filaments,  which  may  be 
traced  on  the  alimentary  canal.  As  a  specimen  of  its  highly  developed 
form,  we  shall  describe  that  of  the  Gryllotalpa  vulgaris  (common  Mole- 
Cricket).  Here  we  find  it  consisting  of  two  divisions;  one  placed  on  the 
median  line,  which  may  hence  be  called  the  median  system;  the  other 
running  on  each  side  at  some  little  distance,  and  hence  called  the  lateral 
system.  The  Median  system  appears  to  originate  in  a  small  ganglioDy 
situated  anteriorly  and  inferiorly  to  the  cephalic  mass,  with  which  it  com- 
municates by  a  connecting  branch  on  each  side.  From  this  ganglion,  nenres 
proceed  to  the  walls  of  the  buccal  cavity,  the  mandibles,  &c.  Its  principal 
trunk,  however,  (the  recurrent  of  authors)  is  sent  backwards  beneath  the 
pharynx.  The  ramifications  of  this  are  distributed  along  the  CBSophageal 
tube  and  dorsal  vessel;  whilst  the  trunk  passes  downwards  to  the  stomachy 
where  its  branches  inosculate  with  those  supplied  by  the  lateral  systein, 
and  seem  to  assist  in  forming  a  pair  of  small  ganglia,  from  which  most  of 
the  visceral  nerves  radiate.  The  ganglia  of  the  Lateral  system  are  two  on 
each  side,  lying  behind  and  beneath  the  cephalic  masses.  The  anterior 
pair  are  the  largest,  and  meet  on  the  median  line,  just  behind  the  cephalio 
ganglia,  with  which  they  communicate.  Posteriorly  to  these  lie  the  second 
pair,  which  are  in  connection  with  them.     Two  cords  pass  backwards  on 


i 


COMPARATIVE  ANATOMY  AND  PHYSIOLOGY.  117 

each  side,  one  derived  from  the  anterior,  the  other  from  the  posterior,  of 
these  ganglia.  They  run  along  the  sides  of  the  (Esophagus  and  dorsal 
vessel;  and,  after  inosculating  with  the  branches  of  the  central  system, 
enter  the  two  cosliac  ganglia,  from  which  branches  radiate  to  the  abdominal 
viscera. 

151.  This  system  of  ganglia  and  nerves  has  an  evident  affinity  with  the 
Sympathetic  system  of  Vertebrata,  as  well  as  with  some  parts  of  the  Cere- 
bro-spinal  system,  more  especially  with  the  par  vagum.  It  is  to  be  remem- 
bered that  the  pneumogastric  nerve  of  Vertebrata  is  distributed  to  three 
separate  systems— the  respiratory,  the  circulating,  and  the  digestive.  As 
we  know  that  the  ultimate  fibrils  of  nerves  never  anastomose,  there  can  be 
no  doubt  that  these  branches  might  be  separately  traced  backwards  into 
their  ganglionic  centres;  and  they  may  thus  be  regarded  as  functionally 
three  distinct  nerves.  There  is  no  difficulty,  then,  in  understanding  that 
the  respiratory  system  of  Insects  and  other  Invertebrata  may  be  analogous 
with  the  pneumonic  portion  of  the  par  vagum,  although  it  bears  no  relation 
with  the  cardiac  and  gastric  divisions  of  the  nerve.  To  the  latter  divisions 
the  analogy  of  the  recurrent  nerve  becomes  sufficiently  plain,  when  we  look 
at  its  distribotion  upon  the  dorsal  vessel,  (esophagus,  and  stomach;  but  its 
commencement  in  the  anterior  ganglion,  which  also  supplies  the  mouth  and 
pharynx,  might  seem  to  place  it  on  a  different  footing,  until  we  have  de- 
termined the  true  analogy  of  this  last  centre.  It  may  be  inferred  from  its 
ittoation,  and  from  the  distribution  of  its  nerves,  that  this  anterior  is  analo- 
gODfl  both  to  the  labial  and  pharyngeal  ganglia  of  the  higher  MoUusca. 
These  appear  to  form  a  division  of  the  nervous  system,  by  which  the  actions 
immediately  concerned  in  the  prehension  of  food  are  performed,  almost  as 
independently  of  the  cephalic  gandia  as  are  those  of  respiration.  There  is 
evidently,  however,  a  greater  tendency  towards  the  union  of  these  centres 
with  the  oesophageal  collar,  than  of  those  presiding  over  the  respiratory 
faoction,  which  is  more  independent  of  the  will. 

152.  The  division  of  the  nervous  system  of  Vertebrata  with  which  this 
ftomato-gastric  system  corresponds,  is  a  question  of  more  apparent  difficulty; 
bat,  if  we  bring  into  comparison  not  only  the  highest  but  the  lowest  forms 
of  the  cerebro-spinal  apparatus,  the  chief  difficulties  will  be  removed.    The 
inalogies  drawn  from  the  distribution  of  the  nervous  branches  would  lead 
US  to  infer,  that  the  third  division  of  the  fifth  pair  (including  its  sensory  and 
notor  origins),  the  glosso-pharyngeal,  and  the  gastric  portion  of  the  par 
Tagnro,  would  most  nearly  represent  it.     Now,  when  the  fifth  pair  is  traced 
back  to  its  true  origin,  it  is  found  to  be  not  a  cerebral  but  a  spinal  nerve; 
ad  it  is  then  seen  to  arise  from  the  medulla  oblongata,  in  such  close  approxi- 
nation  with  the  par  vagum  and  glosso-pharyngeal,  as  to  show  that,  if  this 
portion  of  the  nervous  centres  were  isolated  from  the  rest,  the  nerves  which 
proceed  from  it  would  form,  anatomically  as  well  as  functionally,  a  natural 
group.     The  fifth  pair,  like  other  spinal  nerves,  may  act  in  a  simply  reflex 
eharacten  although,  in  Man,  it  is  usually  under  the  dominion  of  the  will. 
h  the  lower  animals  we  find  these  reflex  actions  bearing  a  much  larger 
proportion  to  the  voluntary,  than  in  Man;  and  even  in  him  we  not  unfre- 
qoently  meet  with  cases  in  which  the  functions  of  the  cerebral  hemispheres 
seem  suspended,  whilst  those  of  the  spinal  cord  are  unimpaired;  so  that  the 

Khension  of  food  by  the  lips  may  take  place  without  any  effort  of  the  will, 
is  has  been  observed  in  acephalous  foetuses,  in  puppies  from  which  the 
bfiia  has  been  removed,  and  in  profound  apoplexy.  Further,  the  connec- 
lion  between  the  fifth  pair  and  par  vagum  is  very  intimate  in  Fishes,  the 
dass  which  approaches  nearest  in  the  character  of  its  nervous  system  lo 


1 18  TCMCTIONS  OF  TICK  WEttVOBS  SVHTEH. 


?rior  gangliO^I 


Ihe  Vertebra  la.     We  may  reasonably  infer,  llien,  thai  the  ^     ^ 

is  the  principal  centre  of  ihe  reflex  actions  of  (he  nerves,  whicli  correspond 
to  the  third  branch  of  the  fifth  pair,  to  ihe  gloiso-pharvngeal,  and  to  the 
gastric  portion  of  the  par  vagum,  in  Vertcbrata;  whilst  the  brancheB  which 
connect  ihem  with  the  cephalic  ganglia  bring  these  nerves  inore  or  less 
under  the  inRuence  of  the  latter. 

153.  The  lateral  ganglia  seem  more  analogous  to  the  centres  of  the  sym- 
pnthelie  system  in  Vertehrata;  especially  in  tiie  connection  of  tbcit  branches 
with  all  the  other  systems  of  nerves;  and  in  the  share  which  they  have  in 
the  formation  of  the  csliac  ganglia.  This  view  of  the  relative  functions  of 
these  two  divisions  of  the  s  tomato -gas  trie  system,  is  strengthened  by  llie 
fact,  that  the  connection  between  the  Sympathetic  system  of  Fishes  and  the 
par  vagum  is  much  more  intimate  than  in  the  higher  Vertehrata;  although, 
even  in  the  latter,  as  will  be  shown  hereafter,  it  is  by  no  means  so  slight  as 
it  appears.* 

154,  Upon  taking  a  general  i^view  of  the  facta  which  have  been  slated, 
and  of  the  inferences  which  have  been  erected  npon  them,  we  perceive  lltal 
between  the  strictly  senaorial  functions  of  the  nervous  system,  and  those 
operations  in  which  its  intermmcial  character  only  is  employed,  a  tolerably 
distinct  line  of  demarcation  may  generally  be  drawn.  We  have  hitherto 
riewed  this  apparatus  under  two  aspects: — 1.  As  the  instrument  of  the 
mind,  by  which  it  acquires  a  knowledge  of  Ihe  external  world  through  the 
medium  of  sensation,  and  operates  upon  it  by  an  exercise  of  volition.  2. 
As  the  means  by  which  various  moremenls  are  excited  in  the  bodily  slmc- 
lure,  which  are  immediately  necessary  to  the  perfomiance  of  the  organic 
functions,  and  to  its  protection  from  injury.  To  these  actions  the  general 
term  inslinclive  may  be  given;  tliat  term  being  understood  to  imply  ibe 
performance  of  a  motion,  or  series  of  motions,  t»  direct  respondence  to  ex- 
ternal impressions,  without  Ihe  intervention  of  the  will,  without  any  de- 
signed adaptation  to  purpose  on  the  part  of  the  animal,  and  often  tvilhoni  its 
consciousness  being  necessarily  alTected.  The  first  of  these  objects  appears 
to  be  answered,  chiefly  if  not  entirely,  by  Ihe  cephalic  ganglia  and  the  nerves 
proceeding  from  them.  The  second  is  carried  into  effect  by  tite  ganglia 
connected  with  each  organ,  or  series  of  organs,  whose  movements  are  tlius 
excited.  We  have  seen,  that,  however  small  is  the  bulk  of  the  cephalic 
gangUa  compared  with  the  sum  of  the  other  masses,  these  send  nerves  lo 
every  part  of  the  body  supplied  by  the  latter;  for  the  purpose,  it  would 
seem,  of  controlling,  harmonizing,  or  antagonizing  their  actions.  Tbeaa 
nerves  proceed  as  connecting  trtinks  from  the  cephalic  ganglia  to  the  oilier 
centres;  and  then  divide  into  filaments,  which  unite  with  those  proceeding 
from  them  lo  the  several  organs.  Each  organ,  therefore,  receives  four  seta 
of  fibres;  an  afferent  and  efferent  set,  which  connect  it  with  the  etrebnl 
ganglia,  and  are  die  channels  of  sensation,  and  of  the  influence  of  the  willi 
and  an  t^erent  and  efferent  set,  which  connect  it  with  iU  own  peculiar 
ganglion,  and  serve  to  convey  the  stimulus  of  impressions  which  produi 
motions  by  reflected  influence.     In  proportion  as  the  special  sensory  org 
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are  developed,  and  the  animal  is  less  completely  governed  by  mere  instinct, 
we  find  the  cerebral  ganglia  and  system  of  nerves  more  predominant,* 

155.  We  observe  among  the  Articulata  the  greatest  perfection  of  instinc- 
tive movements  anywhere  exhibited.  In  these  movements  there  is  a  most 
remarkable  adaptation  of  means  to  ends;  as  in  the  construction  of  habitations 
by  various  Insects,  and  especially  by  the  social  Hymenoptera.  But  few 
persons  will  maintain  that  this  adaptation  is  performed  by  the  mind  of  the 
animal;  since,  on  tliis  supposition,  every  Bee  solves  a  problem  which  has 
afforded  scope  for  the  laborious  inquiries  of  the  acutest  human  mathemati- 
cian. The  adaptation  is  in  the  original  construction  of  a  nervous  system, 
which  should  occasion  particular  movements  to  be  performed  under  parti- 
cular external  conditions;  and  the  constancy  with  which  these  are  performed 
by  different  individuals  of  the  same  species,  when  placed  in  the  same  con- 
diuoDs,  leads  at  once  to  the  belief,  that  they  must  be  independent  of  any 
operations  so  variable  as  those  of  judgment  and  voluntary  exertion.  On  the 
other  hand,  in  the  Vertebrata,  we  find  the  purely  instinctive  movements 
forming  a  smaller  proportion  of  the  whole  actions,  and  brought  under  a  more 
complete  sabjection  to  the  sensori  volitional  system.  This  is  evident  from 
the  greater  variety  which  the  actions  exhibit;  from  the  mode  in  which  they 

•  {The  ▼iew  here  taken  by  the  Author  of  the  respective  ftinctions  of  the  ganglionic 
and  Don-ganglionic  tracts  in  the  Articulata — that  the  ganglionic  portion  is  the  centre 
of  reflex  action,  and  the  non-gangl ionic  the  channel  of  sensori-volitional  action,  of 
which  the  cerebral  ganglia  are  the  real  centres — has  received  additional  proof  from 
Ike  observations  of  Prof.  Owen.    The  following  are  Mr.  Owen*s  remarks  on  this 
object,  as  reported  in  the  Medical  Times,  (June  25th,  1842.)    **  We  have  before  us 
two  opposite  conditions  of  a  large  and  important  part  of  the  trunk  of  two  nearly  allied 
lad  amilarly  organized  crusiacea.    In  one,  the  lobster,  the  post-abdomen  is  encased 
in  1  series  of  calcareous  rings,  forming  a  hard  and  insensible  chain  armour.    But  in 
tbe  same  degree  as  sensibility  is  lost  the  muscular  power  is  increased;  a  great  pro- 
portion of  the  contractile  fibre  is  concentrated  in  the  tail  of  the  lobster,  which  forms 
Its  most  powerful  and  almost  exclusive  organ  of  swimming.  In  the  pagurus  (hermit- 
crab),  on  the  other  hand,  the  muscular  system  is  almost  abrogated  in  the  long  post- 
abdomen,  for  this  in  fact  takes  no  share  in  the  locomotive  functions  of  the  body.    It 
is  occupied  by  part  of  the  alimentary  canal,  and  by  glandular  organs;  the  external 
integomeni  has  no  part  of  its  sensibility  destroyed  by  the  interposition  of  calcareous 
{■articles,  but  retains  the  necessary  faculty  of  appreciating  the  smooth  andunirritating 
coodition  of  the  interior  surface  of  the  deserted  shell  which  it  chooses  for  its  abode; 
wy  more,  minute  acetabula  are  developed  in  groups  upon  this  sensitive  integument; 
delicate  ciliated  processes  are  also  attached  to  it,  to  which  the  eggs  adhere  in  clus- 
*««,  during  their  incubation  in  the  female.     The  muscular  system  is  reduced  to  a 
few  minute  fasciculi  of  fibres,  regulating  the  action  of  the  terminal  claspers.     If,  as 
basbeen  conjectured,  the  ganglionic  enlargements  of  the  abdominal  cords  monopo- 
lize the  sensorial  functions,  and  the  non-gangl  ionic  tracts  the  motor  powers,  we  ought 
Id  have  found  no  ganglia  in  the  tail,  which  is  constructed  for  motion  exclusively; 
tbilsi  in  th«?  tail,  which  is  almost  as  exclusively  sensitive,  the  ganglia  ought  to  have 
W«n  large  and  numerous.    The  contrary,  however,  is  the  fact.    Six  well-developed 
Sanglia  distribute  nerves  to  the  muscular  fibres  of  the  lobster's  tail;  non-ganglionic 
edomns  supply  the  sensitive  tail  of  the  hermit-crab,  the  only  ganglion  in  which  is 
the  small  terminal  one,  that  seems  to  have  been  called  into  existence  solely  to  rcgu- 

hlethe  actions  of  the  muscles  of  the  organ  of  adhesion Admitting  from  ana- 

loi^that  the  supra-ocsophageal  ganglion  is  that  in  which  true  sensation  and  volition 
reside,  then  thase  nervous  filaments,  which  are  exclusively  connected  therewith,  and 
some  of  which  would  seem  to  extend  the  whole  length  of  the  animal  along  the  dor  >al 
»peciof  the  ganglionic  columns,  would  form  with  their  ganglionic  centre  the  true 
snm)Ti- volitional  system;  whilst  any  other  ganglia  superadded  to  the  aMoinirir-l  r-r^ 
hnmis  with  the  nervous  filaments  terminating  in  or  originating  from  •h«;m.  v..  j:i 
eoosutDte  the  system  for  the  automatic  reception  and  reflection  of  •-Urfjuli      In  '  .':-e 
news  I  coincide  with  the  ingenious  physiologist  Dr.  Carpenter, an'l  '■i-.-iVi  i".^  l\i  :y 
if  their  accuracy  and  soundness  have  received  any  addi'.ion;^I  proof  fro  iri  \),*:  Ur^  ,f 
comparative  anatomy,  now  for  the  first  time,  1  believe,  brought  to  b*r^r  nr  ^r  ■i-.s  i-- 
i«i«ting  problem."--C.} 
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are  adapted  to  peculiar  circumstances;  from  the  degree  in  which  they  may 
be  modified  by  education;  and  from  various  other  indications  of  a  superior 
kind  of  intelligence.  At  last,  in  Man,  those  instinctive  movements  which 
are  not  immediately  requisite  (like  those  of  respiration)  for  the  maintenance 
of  the  organic  functions,  are  placed  under  the  control  of  the  will.  This  is 
especially  true  of  the  locomotive  organs,  whose  reflex  actions  are  entirely 
guided  by  the  will,  being  only  distinguishable  when,  from  peculiar  states  of 
the  system,  the  immediate  influence  of  the  brain  upon  them  is  suspended. 

156.  There  is  a  third  aspect,  however,  under  which  we  are  to  consider 
the  Nervous  System;  and  this  becomes  more  important  in  the  highest  divi- 
sion of  the  Animal  kingdom,  on  which  we  are  now  about  to  dwell.  We 
have  hitherto  spoken  only  of  its  influence  on  the  contractile  properties  of 
the  tissues  to  which  it  is  distributed.  It  has,  however,  an  important  and 
direct  connection  with  the  purely  organic  functions  of  Nutrition  and  Secre- 
tion; and  we  shall  see  reason  to  regard  it  as  the  means,  not  only  of  placing 
the  animal  in  relation  with  the  external  world,  but  of  harmonizing  and 
controlling  the  organic  changes  taking  place  in  its  own  structure,  and  of 
bringing  these  under  the  influence  of  particular  mental  conditions.  It  is  the 
opinion  of  many,  that  all  the  organic  functions  are  dependent  upon  the 
innervation  supplied  to  them  by  the  system  of  nerves,  which  has  been 
termed  Sympathetic  or  visceral*  It  is  incumbent,  however,  on  those  who 
uphold  the  necessity  of  this  nervous  power,  to  prove  it  definitively,  since 
all  analogy  leads  to  an  opposite  conclusion.  We  may  regard  the  capability 
of  separating  a  particular  secretion  from  the  blood,  as  a  peculiar  property 
inherent  in  the  glandular  membrane,  just  as  contractility  is  the  inherent 
property  of  muscular  fibre.  As  the  peculiar  arrangement  of  the  excitable 
and  contractile  tissues  in  animals  requires  a  nervous  system  to  act  as  a  con- 
ductor between  them,  and  to  blend  their  actions,  so  may  the  complicated 
organic  functions  of  Animals  require  to  be  harmonized  and  kept  in  sym- 
pathy with  each  other,  by  some  mode  of  communication  more  direct  and 
certain  than  that  afforded  by  the  circulating  system,  which  is  their  bond  of 
union  in  Plants.  We  have  seen,  in  the  foregoing  sketch,  that  the  visceral 
system  does  not  exist  in  a  distinct  form  in  the  lower  classes  of  Invertebratcd 

• 

animals;  and  also  that  the  nervous  system  of  these  classes  cannot,  as  a 
whole,  be  compared  with  it,  although  it  may  be  regarded  as  containing 
some  rudiments  of  it.  As  the  divisions  of  this  system  become  more  evi- 
dent, however,  and  the  organic  functions  more  complicated,  some  appear- 
ance of  a  separate  83  mpathetic  system  presents  itself;  but  this  is  never  so 
distinct  as  in  Vertebrata.  Hence  it  may  fairly  be  inferred  that, — as  the 
Sympathetic  system  is  (lo/  developed  in  proportion  to  the  predominant 
activity  of  the  functions  of  organic  life  (which  is  so  remarkable  in  the  Mol- 
lusca  when  contrasted  with  the  Articulata),  but  in  proportion  to  the  develop- 
ment of  the  higher  divisions  of  the  nervous  system, — its  office  is  not  to 
contribute  to  these  functions  any  thing  essential  to  their  performance,  but 
rather  to  exercise  tliat  general  control  over  them,  which  becomes  necessary 
according  as  they  are  more  independent  of  one  another,  and  to  bring  them 
into  relation  with  the  system  of  Animal  life. 

Nervous  System  of  Vertebrata. 

157.  When  we  direct  our  attention  to  the  Nervous  System  of  the  Verte- 
brated  classes,  we  are  immediately  struck  by  two  remarkable  differences 
which  its  condition  presents,  from  that  under  which  we  have  seen  it  to  exist 
in  the  Invertebrata.     In  tlie  latter  it  has  seemed  but  a  mere  appendage  lo 
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the  rest  of  the  organism, — a  mechanism  superadded  for  the  purpose  of 
bringing  its  various  parts  into  more  advantageous  relation.  On  the  other 
hand,  in  the  Vertebrata  the  whole  structure  appears  subservient  to  it,  and 
designed  but  to  carry  its  purposes  into  operation.  Again,  in  the  Inverte- 
brata,  we  do  not  find  any  special  adaptation  of  the  organs  of  support  for 
the  protection  of  the  nervous  system.  It  is  either  enclosed,  with  the  other 
•oft  parts  of  the  body,  in  one  general  hard  tegumentary  envelope,  as  in  the 
Eehinodennata  and  Articulata;  or  it  receives  a  still  more  imperfect  protec- 
tion, as  in  the  Mollusca.  In  the  latter,  the  naked  species  are  destitute  of 
any  means  of  passive  resistance,  and  the  nervous  system  shares  the  general 
exposed  condition  of  the  whole  body;  and  it  is  not  a  little  remarkable  that, 
in  the  testaceous  kinds,  the  portion  of  the  body  containing  the  nervous 
centres  should  be  protruded  beyond  the  shell,  whilst  the  principal  viscera 
are  retained  within  it.  Now,  in  the  Vertebrata,  we  find  a  special  and  com- 
plex bony  apparatus,  adapted  in  the  most  perfect  manner  for  the  protection 
of  the  nervons  system;  and  it  is,  in  fact,  the  possession  of  a  jointed  spinal 
column,  and  of  its  cranial  expansion,  which  best  characterizes  the  group. 

158.  When  we  look  more  particularly  at  the  nervous  centres  themselves, 
we  perceive  that  they  combine  the  general  characters  of  those  of  the  Articu- 
lata with  those  of  the  Mollusca.     In  the  former,  the  power  of  active  loco- 
motion seems  the  chief  object  to  be  attained;  and  the  predominant  part  of 
the  apparatus  is  evidently  the  series  of  ganglia  connected  with  the  locomotive 
organs.     The  sensory  ganglia  appear  subservient  to  these,  both  in  size  and 
fanction.     On  the  other  hand,  in  the  Mollusca  the  sensory  ganglia  predo- 
minate; and  under  their  function,  which  is  to  direct  these  walking  stomachs 
to  their  food,  the  control  of  the  locomotive  apparatus  seems  to  be  placed. 
Now,  in  the  Vertebrata  we  have  the  locomotive  powers  of  the  Articulata 
(redoced,  however,  in  activity),  united  with  the  complex  nutritive  system 
of  the  Mollusca;  and  we  find  this  combination  manifested,  not  only  in  the 
organs  themselves,  but  in  the  Nervous  System,  which  stands  in  so  close  a 
reUtion  with  them.   The  Spinal  Cord  of  Vertebrata  is  evidently  the  analogue 
of  the  ventral  columns  of  Articulata.   It  is  a  continuous  ganglion,  containing 
two  portions  as  distinct  as  the  two  tracts  in  the  Articulata; — 2i  fibrous  struc- 
tore,  which  is  continuous  between  the  Brain  and  the  spinal  nerves,  and  thus 
membles  the  white  tract  in  Insects; — and  a  ganglionic  portion,  principally 
composed  of  grey  matter.     In  this  grey  matter,  as  in  the  ventral  ganglia  of 
huects,  a  part  of  the  roots  of  the  spinal  nerves  are  lost;  whilst  others  may 
be  traced  to  the  brain.  At  the  upper  extremity  of  the  Spinal  cord  (commonly 
termed  the  Medulla  Oblongata),  we  find  the  ganglia  and  nerves  of  special 
Nutation;  and  the  organs  which   these  supply  are  placed  in  immediate 
pnndmity  with  the  entrance  to  the  alimentary  canal,  and  hold  the  same  re- 
lation to  it  as  in  the  Mollusca.     But  in  addition  to  these,  we  find  two  gan- 
Siionic  masses  in  all  Vertebrata,  to  which  we  have  no  distinct  analogue  in 
the  lower  classes — the  Cerebral  ganglia,  and  the  Cerebellum.     With  the 
d^elopment  of  the  former  of  these,  the  perfection  of  the  reasoning  powers 
appears  to  hold  a  close  relation;  that  of  the  latter  seems  connected  with  the 
necessity  which  exists  for  the  adjustment  and  combination  of  the  locomotive 
powers,  when  the  variety  of  movements  performed  by  the  animal  is  great, 
and  the  harmony  required  among  them  is  more  perfect.    Upon  these  points, 
however,  we  shall  hereafter  dwell. 

159.  The  Visceral  system  of  nerves  now  assumes  a  more  distinct  form. 
It  does  not  share  the  protection  of  the  Spinal  column;  but  its  ganglia  lie  for 
the  most  part  in  the  general  cavity  of  the  trunk.  The  connections  of  the 
Cerebro-Spinal  and  Sympathetic  systems  may  be  best  studied  in  the  trunk; 
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■ince  ihe  regolarily  of  the  diBtribution  of  the  spinal  nerves  prevents  the^ 
existence  of  thai  doubt  regarding  the  nature  of  the  communiraiiDu,  which 
obscures  ihe  relation  of  the  cranial  nerves  with  the  sympathetic.  The 
visceral  ganglia — namely,  the  cardiac  and  semilunar — may  probably  be 
regarded  as  the  true  centres  of  the  Nervous  System  of  Organic  life;  whilst 
the  chain  of  ganglia,  which  lie  along  the  »pine,  arc  inlermediaie  between 
these  and  the  cerebro-spinal  system.  When  ihe  filaments  connecting  these 
ganglia  with  the  roots  of  the  spinal  nerves  are  closely  examined,  ihey  are 
found  to  contain  both  kinds  of  fibres;  and  they  can  no  more,  tlierefore,  be 
regarded  as  ihe  roota  by  which  the  sympathetic  system  arises  from  ihe 
cerebro-spinal  (as  ihey  were  formerly  described),  than  as  the  roola  by  which 
the  latter  originates  from  the  former.  The  while  tubular  fibres  which  these 
filaments  contain,  are  found,  upon  close  ezaminalion,  lo  be  derived  from 
both  roots  of  the  spinal  nerves,  and  not  from  the  posterior  only,  as  some 
have  supposed.  The  quantity  of  white  fibres  in  the  nerves  proceeding  from 
this  lateral  chain  of  ganglia,  is  much  greater  than  that  contained  in  the  nerves 
of  the  solar  plexus;  and  il  is  confirmatory  of  the  idea  juxl  staled — that  (he 
visceral  ganglia  are  the  true  centres  of  the  sympathetic  syslem — lo  find  that 
the  nerves  proceeding  from  them  are  almost  entirely  composed  of  Ihe  fibres 
characteristic  of  this  system.  A  few  grey  fibres  may  be  found  in  slmost  all 
the  Cerebro-spinal  nerves;  they  are  particularly  abundant,  however,  in  the 
first  division  of  the  Fifth  pair.  Il  would  seem  that  only  a  part  of  iheae  are 
derived  immediately  from  (he  sympathetic  nerve;  and  ihat  the  remainder 
may  be  traced  into  the  grey  matter  of  the  ganglia,  formed  on  the  posterior 
roots  of  Ihe  spinal  nerves  and  on  the  larger  root  of  the  fifth  pair.  As  this 
grey  matter  consists  of  nucleated  globules,  like  those  which  are  found  in 
the  centres  of  the  Sympathetic  system,  it  may  be  surmised  thai  this  soriM 
of  ganglia  also  may  be  regarded  as  belonging  to  (he  sympathetic  system, 
and  as  having  the  same  relation  to  the  grey  fibres  j:ontained  in  the  cerebro- 
spinal nerves,  as  that  which  the  semilunar  ganglia  have  lo  the  nerves  of  llie 
aolar  plexus, 

160.  The  branches  proceeding  from  the  Semilunar  ganglia  are  distributed 
upon  the  abdominal  viscera;  and  (hose  of  the  Cardiac  ganglia  upon  the  heart 
and  Ihe  vessels  proceeding  from  it.     The  latter  seem  to  accompany  iJie 
srlerial  Irunka  through  iheir  whole  course,  ramifying  minutely  upon  their 
■urface;  and  it  can  scarcely  be  doubled  (hat  they  exercise  an  important  in- 
fluence over  Iheir  functions.   What  (he  nature  of  that  influence  is.  however, 
will  he  a  subject  for  future  inquiry.     Il  is  so  evidently  connected  with  llie 
operations  of  nuUrition,  secretion,  Ac.,  that  the  designation  of  "nervous 
system  of  organic  life,"  as  applied  to  (his  BT9(em,  does  noi  seem  objection- 
able, provided  (hat  we  do  not  understand  il  aa  denoting  the  dependence  of 
these  functions  upon  it.     Even  in  Veriebrata.  however,  we  do  not  ulwoys  _ 
find  the  visceral  system  distinct  from  the  cerebro-spinal.    In  the  Cycloelo* 
Fishes,  the  par  vagum  supplies  the  inieslinal  canal  along  its  whole  lenM 
ai  well  as  Ihe  heart;  and  no  appearance  of  a  distinct  sympathetic  can  be  a 
covered.     In  Serpents,  again,  the  lower  part  of  the  alimentary  canal  is  s ' 
plied  from  ihe  spinal  cord,  and  the  upper  pari  by  the  par  vagum;  and  ihm 
(he  lateral  cords  of  the  sympathetic  may  be  traced,  ihey  are  all  '      *" 

of  ganglia.     Even  in  the  highest  Veriebrata,  some  of  ihe  glati 
the  secretion  is  most  directly  influenced  by  the  condition  of  the  raind,  i 
supplied  with  most  of  their  nerves  from  the  cerebro-spinal  system:  tliu 
luchrymal  and  sublingual  glands  receive  large  branches  from  ihe  fifth  pair, 
and  the  mammary  glands  from  the  inlercoslal  nerves.     It  may  therefore  ht\ 
regarded  as  not  improbable,  llial  the  organic  fibres  contained  in  these  n 
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2nd  principally  derived  from  the  ganglia  at  their  roots,  are  the  most  direct 
channels  through  which  the  processes  of  nutrition  and  secretion  are  influ- 
enced by  mental  emotions;  and  that  the  office  of  the  distinct  visceral  system 
'»  rather  to  bring  these  functional  changes  into  harmony  with  each  other. 

161.    The  Spinal  Cord,  with  its  encephalic  continuation — the  Medulla 
Oblongata^— may  be  regarded  as  constituting  the  essential  part  of  the  nervous 
system  of  Vertebrata.   Although  the  Cerebral  Hemispheres  in  Man  bear  so 
large  a  proportion  to  it  in  size,  that  the  Spinal  Cord  seems  but  a  mere  ap- 
pendage to  them,  the  case  is  reversed  when  we  look  at  the  other  extremity 
of  the  scale; — the  Cerebral  Hemispheres  in  many  Fishes  being  but  gan- 
glionic protuberances  from  the  Medulla  Oblongata.     Moreover,  the  fact 
that  animals  are  capable  of  living  without  the  brain,  whilst  they  at  once  die 
if  deprived  of  the  spinal  cord,  sufficiently  demonstrates  this.     The  spinal 
cord,  then,  when  viewed  in  relation  to  the  nervous  system  of  the  Inverte- 
brata,  may  be  regarded  as  including  their  respiratory,  stomato-gastric,  and 
pedal  ganslia.     That  these  should  be  associated  together  can  scarcely  be 
considered  remarkable.     It  is  obviously  convenient  that  they  should  all  be 
enclosed  in  the  bony  sheath  provided  for  their  protection,  and  their  closer 
relation  faronra  that  sympathy  of  action,  which  is  so  important  in  animals 
of  such  complex  structure  and  mutually  dependent  functions,  as  the  higher 
Vertebrata.     An  animal  either  congenitally  or  experimentally  deprived  of 
its  cerebral  hemispheres,  is  very  much  in  the  condition  of  one  of  the  Acepha- 
loos  Mollosca.     It  can  perform  those  respiratory  movements  on  which  de- 
pends the  maintenance  of  its  circulation,  and  consequently  its  whole  organic 
life,  it  can  swallow  food  brought  within  its  reach,  and  it  can,  in  some  degree, 
exert  its  locomotive  powers  to  obtain  it;  but  it  is  unconscious  of  the  direc- 
tioo  in  which  these  can  be  best  employed,  and  is  dependent  upon  the  sup- 
plies of  food  that  come  within  its  grasp.     The  Acephalous  MoUusca  are  so 
organized,  that  they  find  support  from  the  particles  brought  in  by  their  re- 
tpiratory  current;  but  the  more  highly  organized  Vertebrata  are  not  capable 
of  so  existing,  and  they  must  have  their  food  provided  for  them  by  an  ex- 
enion  of  the  mental  powers.     So  long  as  an  acephalous  Vertebrate  animal 
ii  duly  supplied  with  its  requisite  food,  so  long  may  it  continue  to  exist;  and 
ihas  it  is  seen  that  the  operations  of  the  brain  are  rather  connected  with  the 
mtdligence  than  with  the  blind  undesigning  instinct  of  the  animal. 

1G2.  It  is  only  in  the  Vertebrata  that  the  difference  between  the  afferent 
and  efferent  fibres  of  the  nerves  has  been  satisfactorily  determined.  The 
■erit  of  this  discovery  is  almost  entirely  due  to  Sir  C.  Bell.  He  was  led 
to  it  by  a  chain  of  reasoning  of  a  highly  philosophical  character;  and 
thoDgh  his  first  experiments  on  the  spinal  nerves  were  not  satisfactory,  he 
virtiually  determined  the  respective  functions  of  their  two  roots,  by  experi- 
■ents  and  pathological  observations  upon  the  cranial  nerves,  before  any 
other  physiologist  came  into  the  field.*  Subsequently  his  general  views 
were  confirmed  by  the  very  decided  experiments  of  Mil  Her;  but,  until  very 
neently,  some  obscurity  hung  over  a  portion  of  the  phenomena.  It  was 
irom  the  first  maintained  by  Magendie,  and  has  been  subsequently  asserted 
by  other  physiologists,  that  the  anterior  and  posterior  roots  of  the  nerves 
were  both  concerned  in  the  reception  of  sensations  and  in  the  production 
of  motions;  for  that,  when  the  anterior  roots  were  touched,  the  animal  ?ave 
QgDs  of  pain,  at  the  same  time  that  convulsive  movements  were  performed; 
and  that,  on  touching  the  posterior  roots,  not  only  the  sensibility  of  *i:« 
uifflal  seemed  to  be  afiected,  but  muscular  motions  were  excited. '  Tb. 

•  Sec  British  aad  Foreiga  Medici  Bcriew,  Vol.xi.  p  ItO.  ^■.. 
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physiologists  were  not  willing,  therefore,  to  admit  more,  than  that  the  ante- 
rior roots  were  especially  motor,  and  the  posterior  especially  sensory.  But 
the  recently-attained  knowledge  of  the  reflex  function  of  the  spinal  cord 
enables  the  latter  portion  of  these  phenomena  to  be  easily  explained.  The 
motions  excited  by  irritating  the  posterior  root  are  entirely  dependent  upon 
its  connection  with  the  spinal  cord,  and  upon  the  integrity  of  the  anterior 
roots  and  of  the  trunks  into  which  they  enter;  whilst  they  are  not  checked 
by  the  separation  of  the  posterior  roots  from  the  peripheral  portion  of  the 
trunk.  It  is  evident,  therefbre,  that  excitation  of  the  posterior  roots  does 
not  act  immediately  upon  the  muscles  through  the  trunk  of  the  nerve, 
which  they  contribute  to  form;  but  that  it  excites  a  motor  impulse  in  the 
Spinal  Cord,  which  is  propagated  tlirough  the  anterior  roots  to  the  peri- 
phery of  the  system.  The  converse  phenomenon,  the  apparent  sensibility 
of  the  anterior  roots,  has  been  still  more  recently  explained  by  the  experi- 
ments of  Dr.  Kronenberg,*  who  has  satisfactortly  proved  that  it  is  depend- 
ent upon  a  branch  of  the  posterior  root  passing  into  the  anterior  root  at 
their  point  of  inosculation,  and  then  directing  itself  towards  the  centre;  for 
it  was  found  that  the  sensibility  of  the  anterior  roots  was  not  diminished  by 
the  separation  of  them  from  the  spinal  cord,  whilst  it  was  entirely  destroy- 
ed by  division  of  the  posterior  roots;  thus  proving  that  the  latter  constituted 
the  channel  through  which  the  impression  was  conveyed. 

163.  On  the  other  hand,  the  distinctness  of  the  system  of  nerves  con- 
cerned in  the  simply  reflex  actions,  from  those  which  minister  to  sensation 
and  volition  by  their  connection  with  the  brain,  is  by  no  means  so  obvious  as 
in  the  Invertebrated  classes.  When  first  pointed  out  by  Dr.  Marshall  Hall, 
who  had  grounded  his  opinion  more  upon  physiological  phenomena  than 
upon  anatomical  facts,  the  statement  did  not  command  general  assent;  since, 
while  the  phenomena  were  admitted,  the  inferences  drawn  from  them  by 
him  were  not  regarded  as  necessary  results.  When,  however,  the  anatomy 
of  the  nervous  centres  in  Yertebrata  was  more  closely  inquired  into  (by 
Mr.  Grainger,  who  had  been  partly  anticipated  by  Bellingeri),  it  was  found 
to  present  certain  phenomena  which  might  be  regarded  as  supporting  Dr. 
M.  Hall's  views;  and  when  the  inquiry  was  extended  to  the  Invertebrated 
classes,  the  confirmation  was  found  to  be  still  more  decisive.  In  our  pre- 
vious sketch  these  doctrines  have  been  treated  as  established;  since  they 
have  been  found  not  only  to  correspond  with  the  facts  disclosed  by  ana- 
tomical research,  but  to  be  required  by  them.  We  shall  now  apply  them 
to  the  nervous  apparatus  of  the  Yertebrata. 

164.  The  Spinal  Cord  consists  of  two  lateral  halves;  these  are  partially 
separated,  in  the  higher  classes,  by  the  superficial  anterior  and  posterior 
fissures;  and  in  Fishes  by  an  internal  canal,  which  is  continuous  with  the 
fourth  ventricle.  This  canal  is  evidently  the  indication  of  that  complete 
separation  of  the  two  columns,  which  exists  in  the  lower  Articulata;  and 
the  fourth  ventricle,  which,  in  many  fishes,  remains  unclosed  (the  cere- 
bellum not  being  sufiiciently  developed  to  overlap  it),  corresponds  with 
the  passage  between  the  cords  uniting,  the  cephalic  ganglia  with  the  first 
sub-cBSophageal,  through  which  the  cesophagus  passed  in  all  the  Inverte- 
brata.  The  two  lateral  halves  have  little  connection  with  each  other  in 
Fishes,  and  the  pyramidal  bodies  at  their  apex  scarcely  decussate;  but,  in 
ascending  towards  the  higher  classes,  the  communication  between  the  two 
sides  is  more  intimate,  and  a  larger  proportion  of  the  pyramidal  fibres 
crosses  to  the  opposite  sides.     In  all  the  Yertebrata,  the  true  Spinal  Cord 

♦  Mailer's  Archiv.  1839,  Heft  v.j  and  Brit,  and  For.  Med.  Rev.,  Vol.  ix.  p.  547. 
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contains  grey  substance,  or  something  equivalent  Fig.  13. 

to  it;  thus  possessing  the  character  of  a  continuous 
ganglion.    The  proportion  of  the  vertebral  column 
which  this  ganglionic  portion  occupies,  is,  how- 
ever, extremely  variable;  depending  principally  on 
the  position  of  the  chief  organs  of  locomotion. 
Thus,  in  the  Eel,  and  other  Vermiform  Fishes,  it 
is   continued  through   the   whole   Spinal   canal; 
whilst  io  the  Lophius  and  Tetraodon,  whose  body 
is  less  prolonged,  and  more  dependent  for  its 
movements  upon  the  anterior  extremities,  the  true 
Spinal  Cord  scarcely  passes  out  of  the  cranium. 
The  quantity  of  grey  matter  is  nearly  uniform  in 
every  part  of  the  cord,  where  there  is  no  great 
diversity  in  the  functions  of  the  nerves  which  ori- 
ginate firoiD  each  portion.     In  most  Fishes,  for 
example,  the  body  is  propelled  through  the  water 
more  by  the  lateral  action  of  the  flattened  trunk, 
whose  miftce  is  extended  by  the  dorsal  and  caudal 
fins  erected  upon  prolongations  of  its  vertebrs, 
than  by  the  movements  of  its  extremities,  which 
serve  principally  to  guide  it.  Hence  we  usually  find 
the  amount  of  grey  matter  var\'ing  but  little  in  dif- 
ferent parts  of  the  cord.     But  in  the  Flying-fish, 
and  others  whose  pectoral  fins  are  unusually  pow- 
erful, a  distinct  ganglionic  enlargement  of  the  cord 
takes  plaee  where  the  nerves  are  given  off.     In  Serpents,  again,  the  spina! 
eord  is  nearly  uniform  throughout  its  entire  length;  whilst  in  Amphibia  it  is 
iO  during  the  Tadpole  condition,  but  presents  enlargements  corresponding 
to  the  anterior  and  posterior  extremities,  when  these  are  developer';  at  the 
lame  time  becoming  mcch  shore r.e'i,  a«  the  tail  is  less  imfA>rtant  to  loco- 
motion,  or   is   altogether   atrorhiei.     In   BirJs,   the   g-ing!ionic   enlar^e- 
nents  are  generally  rer}"  percep\'/:e.  ^rA  bear  i  c!o*e  relation  in  size  with 
the  derelopment  of  the  l>?om':':Te  orzins  w;:h  which  they  are  connected. 
Thus,  in  Birds    of  act; re  Sizht,  and    short  powerless  legs,  the  anterior 
enlargement  is  the  p  r  -  ? '. :  -^ '. ;  '-  - 1  :  .1  th  cr?e  w  h  i  -r  h  a  re  n:ore  z't^yjid  Vj  n  a 
ODland  than  to  wing  iheir  tiv  thro-zh  uhe  air.  s-^ch  m  t.he  whole  ^rihe  of 
Strathions  birds,  the  size  of  i-.e  per*  tit  nor  enlirgeraeni  Ls  very  re  mirk  <«  Me. 
Hence  we  have  a  right  :o  :-:'er.  tr.a:  the  lirreise:  in  the  q*: entity  of  grey 
natter  in  the  cord  Lis  so=:e  con-e^rioa  with  the  aao^:::  of  p^ower  -o  -jh 


N*»rvoiji  Cf-nti^ii  in  Vrc: 
A,  olCar.tiv*  eansli*;  B,  cre- 
brml    h*!m}*ph*'r*-t'.    C    «i{/tic 

T^ntrirli^.  '-f  r»Ti*.jr  l*fl  bj  th« 
diT«-r**'nr#'  of  ih«  c^luriiii*  *A 


fj\-^.T^*'A 


npplied;  and  this  eia.?:>  '?crres7<j-':a  w:tr-  vr.i:  :.-&#  i>e^n  o-.-^.n^e':  in 
iie  Articulated  class^^.  ir.  i  e*p-^ii.-7  in  w^'th:::?  tr.e  .i.et;irr.orpr,o*.«  of 
hiects.  In  Birds  1:::  M-i.i: -i..*.  howe-rer.  t:.e  '■:/:.e  i.*ro-r-t  of 
natter  in  the  spinil  ecr:  :.«  - -,-.  -,^iir  s-o  .irj^  t  -?ox.r:or.  •/> 
tbe  nerves  proceeil-r  :>'•::  it.  -s.*  :.-•■.*  '  j-r^r  Ver^-.rit*:  i::"! 
of  this  seems  o^viotis.  Tr.e  ^trt. '-  -•  '/.  th*  1  -,•-..-: :::  -j' .  t e  o  rr^'  <  * -'e  ! e » •  ^ :.  i 
leu  of  a  reflex  chararer.  i- :  ir*  =:^-re  C-'e-r^T  exr.t*^  -.j  i-.e  -rl!.-  -^.-i 
eoosequently  by  ihie  hn*-.  t.-.i-.  .-.  t>.^  -i:'^r>-/r  tr.-.^;  t- :  j-.»t  .-.  :-'';'''- 
tion,  therefore^  10  -Ji*  -t^T*.  — r.*--t  '/.  -zj^,  Hrx.z.  w,..  'i:  -*-.--*'•---* 
centre  of  all  the  artic-c*  :*-''.^-t-:  .7  v.*  i.-.-^*.  t-ji  v.*  *^:  -.i.  ^  r:  1 
nere  appendage  u>  it-  >•  .  •  £..  -*>*  >!t.r.-::v-a- e-r*-  .-.  M.--.-  ::  "'-J 
iod  these  gangiiosi?  trL.z.rzrr.-rW  '.'.  v.^  •-  ^u  v..-;:  *-.-.  .-.  M-^::  "  --? 
ibc  posterior  <ot  rai^r  itjc  —  z-.r  t-    -.".*  -r.t-ir-  ^-.rrjk.::^*  "^ 

of  grey   matter.     In  la*  v-r:   .if  -■-*   '-i**.  r».   -^ib 
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iiimalcly  uniledf 
■tie  clusBes  below; 
for  noi  only  ia  the  central 
canal  for  the  mosl  part  al>- 
senl,  but  the  two  crescent- 
shaped  plates  of  grey  matter 
are  united  by  a  transverse 
lamella,  which  conneela  dieir 
centres  like  a  commissare. 

165.  TheCordisDraveraed 
not  only  by  the  anterior  and 
posterior  fissures,  but  by  two 
furrows  on  each  side,  mark- 
a  Gpirui  Corf  ^  diffBreM  ing  oiil  three  columns  upon 
ml  qusniHr  und  ■mofstBent  »f  it.  We  have,  therefore,  on 
?'^i'i'"/''"5'"^''''''^',!'!„1;  each  half  of  the  cord,  on 
dorHii  I,  (.ppdw  Biii  dm.i;  B,  oppMiw  rth  cerviwi;  6,  anterior,  middle  or  lateral,  and 
oppwHo  «h  cerviMii  7,  uppMiio  3ii  c*r\i(»l;  5.  •cciion  of  posterior  columo.  The  point* 
m«i«iiinM-r.gM.iht™gh<;8atroufMrpu.oiiv«e.  ^f  ^^  crescenlic  lamellffl  of 

grey  matter  approach  these  furrows  pretty  closely;  but  elsewhere  the  grey 
matter  is  covered  deeply  by  the  fibrous  columns.  Each  npinal  nerve  arises 
from  two  sets  of  roots.  The  anterior  roots  join  the  spinal  cord  near  the 
anterior  furrow;  and  the  poaierior  near  the  posterior  furrow.  Respecting 
Uieir  intimate  connection  with  the  principal  divisions  ot  the  cord,  however, 
a  considerable  diversity  exists  among  the  slaiements  of  analomists.  In 
the  lirBt  place,  with  regard  to  their  connection  with  ihe  fibrous  and  eineri- 
tiouB  structures,  it  may  be  stated,  that  a  portion  of  the  posterior  set  of  roots 
un  question  ably  loses  itself  in  the  grey  matter  of  the  Spinal  Cord;  whilst 
of  another  portion,  the  fibres  are  continuous  with  those  of  the  while 
columns.  There  Is  more  difficulty,  however,  in  tracing  the  anterior  roota 
into  the  grey  substance.  Siiil.  however,  the  conueciion  has  been  madft 
out.  although  not  in  the  human  subjecl,  by  BeUingeri  and  Grainger;  and 
there  is  reason  to  believe,  therefore,  that  it  is  constant,  although  not  readily 
perceptible.  Of  the  portions  of  the  roots  which  are  continuous  with  tha 
fibrous  columns,  it  is  slated  by  Sir  C  Bell  that  ihe  anterior  fasciculi  pass 
to  the  anterior  colnmns  only,  and  that  the  posterior  are  restricted  to  the 
lateral  columns.  On  the  other  hand,  Mr.  Grainger  and  Mr.  Swan  roainlatD 
that  both  sets  are  connected  with  the  lateral  columns  only;  the  anterior  and 
posterior  lateral  fissures  definitely  limiting  the  two  roots.  Perhaps  both 
these  alalemenla  are  rather  loo  exclusive.  The  anterior  roots  would  seem 
to  have  a  connection  with  both  the  anterior  and  lateral  columns^  and  ibfl 


posterior  cannot  be  said  I 
fibres  entering  the  poster 


L,  some  of  lh«ir 


sslricled  to  the  lateral  colui 

ision  of  die  cord. 

}  portion  of  the  Spinal  Cord  is  cooiinaoi 
with  the  medullary  matter  of  the  Brain,  the  roots  of  the  nerves  which  e 
it  are  in  reality  thus  brought  inlo  connection  with  the  Cerebral  HemisphM 
and  Cerebellum;    and  the  posterior  division  of  these  may.  thereforOt  > 
regarded  as  conducting  to  the  brain  the  impressions  which  there  I 
sensations;  whilst  the  anterior  roots  convey  the  motive  influence,  i 
has  been  propagated,  by  a  voluntary  impulse,  down  the  tract  of  the 
Cord  with  which  ihey  are  continuous.     On  the  other  hand,  the  I 
tion  of  one  portion  of  each  set  of  roots  in  tlie  grey  matter  of  the  Col 
completes  the  nervous  circle  required  for  the  performance  of  reflcs  a 
irnd  by  this  they  would  seem  to  take  place  in  Vertebraled  animali.  just  4 
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through  one  of  the  ganglia  in  the  Articulata.  It  follows,  then,  on  this  view 
of  the  character  of  Uie  Spinal  Cord,  that  the  continuity  of  the  fibrous  tracts 
is  all  that  is  required  to  convey  the  influence  of  the  will  to  the  parts  below; 
vhilst  the  completeness  of  the  nervous  circle  is  all  that  is  necessary  for 
the  performance  of  reflex  actions  excited  through  it.  This  is  found  to  be 
strictly  true;  the  former  having  been  observed  in  cases  of  disease,  and  the 
latter  having  been  proved  by  experiment.  As  far  as  simple  reflex  actions 
are  coacemed,  there  is  as  much  segmental  independence  in  Vertebrata  as 
in  the  Articulata;  but  these  actions  seldom  have  so  completely  the  charac- 
ter of  adaptation,  and  are  of  a  more  irregular  and  convulsive  nature.  Still, 
however,  there  is  an  essential  correspondence  between  them;  and  we  may, 
therefore,  regard  the  distinction  between  the  reflex  and  voluntary  move- 
ments afl  the  same  in  each  group;  the  former  predominating  in  Articulata; 
the  latter  in  Vertebrata.  On  this  view,  then,  each  spinal  nerve  contains  at 
least  four  sets  of  fibres. 

I.  A  sensory  bundle  passing  upwards  to  the  brain. 

II.  A  motor  set,  conveying  the  influence  of  volition  downwards  from  the 
brain. 

III.  Excitor  or  centripetal  fibres,  terminating  in  the  true  spinal  cord  or 
ganglion,  and  conveying  impressions  to  it. 

IV.  A  motor  or  centrifugal  set,  arising  from  the  same  ganglionic  centre, 
and  conveying  the  motor  impulse  reflected  from  it  to  the  muscles. 

Of  these  the  first  and  third  are  united  in  the  posterior  or  afferent  roots; 
the  second  and  fourth  in  the  anterior  or  (fferent  roots. 

167.  It  is  diflicult  to  trace  the  course  of  the  fibres  within  the  Spinal 
Cord;  and  some  recent  experiments  by  Valentin  appear  to  prove,  that  Sir 
C.  Bell  was  not  altogether  correct  in  his  idea,  that  the  functions  of  the 
colomns  of  the  cord  are  respectively  similar  to  those  of  the  roots  connected 
with  them.     Cases,  indeed,  are  of  no  unfrequent  occurrence,  in  which  a 
portion  of  one  of  the  columns  has  been  almost  entirely  destroyed  by  injury 
or  disease,  without  any  corresponding  loss  of  the  function  attributed  to  it. 
Such  cases  have  kept  alive,  in  the  minds  of  many  eminent  practical  men, 
a  considerable  distrust  of  the  accuracy  of  Sir  C.  Beirs  conclusions.     We 
have  seen  that,  in  regard  to  the  roots  of  the  nerves,  his  first  statements 
have  heen  confirmed,  and  rendered  more  precise,  by  subsequent  researches; 
Imt  it  is  not  so  in  regard  to  the  functions  of  the  anterior  and  posterior  divi- 
lioos  of  the  Spinal  Cord.    Bellingeri  was  led,  by  experiments  on  the  spinal 
cord,  to  the  conclusion,  that  the  anterior  roots  of  the  nerves  were  for  the 
fiexion  of  the  various  articulations,  and  the  posterior  for  their  extension. 
He  also  was  wrong,  in  extending  an  inference,  founded  on  experiments 
<m  the  Cord,  to  the  roots  of  the  nerves.    The  recent  experiments  of  Valen- 
tin, whilst  they  fully  confirm  Sir  C.  Bell's  determination  of  the  functions 
of  the  roots  of  the  nerves,  coincide,  to  no  small  degree,  with  Bellingeri's 
opinion  in  regard  to  the  oflices  of  the  anterior  and  posterior  divisions  of 
the  cord.     He  obtained  reason  to  believe  that,  in  the  Frog,  neither  the 
nperior  nor  inferior  strands  of  the  cord  (posterior  and  anterior  columns  in 
Man)  solely  possess  motor  functions:  but  he  found  that,  when  the  former 
were  irritated,  sensations  predominated;  and  when  the  latter,  motions  were 
diiefly  excited.     He  further  states  that,  if  the  superior  strand  (posterior 
column)  be  irritated  at  the  point  at  which  the  nerves  of  either  extremity 
ire  given  off,  that  extremity  is  extended;  and  that  if  the  inferior  strand 
{anterior  column)  be  irritated,  the  extremity  is  flexed.     At  their  entrance 
into  the  spinal  cord,  therefore,  it  would  appear  that  the  motor  fibres  of  the 
eitensors  pass  towards  the  superior  stratum  (posterior  column  in  Man), 
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whilst  those  of  the  flexors  are  continuous  with  the  inferior  stratum  (ante- 
rior column);  their  course  being  more  altered,  however,  when  they  are 
examined  far  from  the  point  of  issue.  This  doctrine  was  confirmed  by 
experiments  on  Mammalia;  and  is  borne  out  (according  to  Valentin)  by 
pathological  phenomena  observed  in  Man.  According  to  this  eminent  phy- 
siologist, also,  relaxation  of  the  sphincters  is  analogous  to  the  extended 
state  of  the  extremities;  and  he  has  noticed  a  manifest  relaxation  of  the 
sphincter  ani  in  the  frog,  when  the  superior  part  of  the  spinal  cord  was 
irritated,  so  as  to  produce  extension  of  the  limbs.  These  statements  are 
entitled  to  considerable  weight,  on  account  of  the  quarter  from  which  they 
come;  but  they  are  not,  perhaps,  to  be  received  altogether  without  hesita- 
tion, until  confirmed  by  other  physiologists,  especially  whilst  the  pheno- 
mena of  reflex  action  are  still  so  imperfectly  known.  For  it  is  quite 
possible  that,  whilst  stimulation  of  the  anterior  part  of  the  cord  may  excite 
direct  motions  of  flexion  in  preference  to  those  of  extension,  the  move- 
ments of  extension  produced  by  stimulating  the  posterior  column  may  be 
of  a  reflex  character. 

168.  There  is  no  reason  to  believe,  that  the  functions  of  the  Spinal  Cord 
are  essentially  diflferent  along  its  whole  length.  Everywhere  it  appears 
to  consist  of  a  ganglionic  centre,  supplying  nerves  to  its  particular  seg- 
ment; and  of  connecting  fibres,  by  which  the  nerves  proceeding  from  any 
one  division  are  brought  into  relation  with  distant  portions  of  the  organ, 
and  with  the  large  ganglionic  masses  at  its  anterior  extremity.  In  this  re- 
spect, then,  it  corresponds  precisely  with  the  double  nervous  cord  of  the 
Articulata;  the  only  prominent  diflerence  between  the  two  being,  that  in 
the  former  the  ganglionic  matter  is  continuous  from  one  extremity  of  the 
organ  to  the  other,  whilst  in  the  latter  it  is  interrupted  at  intervals;  and  in 
the  MoUusca  the  centres  are  still  further  separated  from  each  other.  The 
connection  of  the  Spinal  Cord  with  the  large  ganglia  contained  within  the 
cavity  of  the  cranium,  is  efl*ected  by  means  of  processes  from  its  superior 
extremity,  the  arrangement  of  which  is  somewhat  complex.  This  portion 
of  the  cord,  which  also  lies  within  the  cavity  of  the  cranium,  has  been 
termed  the  MeduUa  Oblongata.  It  has  been  supposed  to  be  the  peculiar 
seat  of  vitality;  but  the  only  real  foundation  of  this  idea  is,  that  it  is  the 
great  centre  of  the  respiratory  actions,  on  the  continuance  of  which  all  the 
other  functions  are  dependent.  The  Brain  may  be  removed  from  above, 
and  nearly  the  whole  Spinal  Cord  from  below,  without  an  immediate 
check  being  put  upon  all  the  nervous  phenomena  of  life.  In  this  Medulla 
Oblongata,  four  difl*erent  parts  may  be  distinguished  on  each  side;— 1, 
The  Anterior  Pyramids,  or  Corpora  Pyramidalia;  2,  The  Olivary  bodies, 
or  Corpora  Olivaria;  3,  The  Kestiform  bodies,  or  Corpora  Restiformia^ 
otherwise  called  Processus  a  Cerebello  ad  Medullam  Oblongatcan;  4. 
The  Posterior  Pyramids,  or  Corpora  Pyramidalia  Posteriora,  The  con- 
nections of  these  with  the  Brain  above,  and  with  the  Spinal  Cord  below, 
will  be  now  traced.* 

♦  Great  diversities  will  be  found  in  the  accounts  given  of  these  connections  by  dif- 
ferent authors;  some  of  which  are  attributable  to  a  variation  in  the  use  of  terms, 
which  mast  not  pass  unnoticed.  By  the  majority  of  Anatomists,  the  name  of  Cor- 
pora Resiiformia  is  given  to  the  Cerebellar  Columns;  and  this  desij^nation,  therefore, 
it  seems  advisable  to  retain.  Some,  however,  and  amongst  them  Dr.  J.  Reid,  in  his 
late  very  excellent  description  of  the  Anatomy  of  the  Medulla  Oblongata  (Edin.  Med. 
&  Surg.  Journal,  Jan.  1841),  give  the  name  to  the  columns  that  pass  up  from  the  po»- 
terior  division  of  the  spinal  cord  into  the  crus  cerebri,— which  are  here  called  (aOer 
SirC.  Bell)  the  posterior  pyramids;  and  apply  the  term  Posterior  Pyramids  to  the 
Cerebellar  column.    The  truth  is  that,  as  Sir  C.  Bell  has  justly  observed,  €Ul  the 
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160.  As  onr  object,  however,  is  rather  Physiological  than  purely  Anato- 
laial,  we  shall  commence  with  a  description  of  the  motor  and  tenaory 
tncU,  which  may,  according  to  Sir  C.  Bell,*  be  very  diaiincily  separated 
in  the  Pons  Vaitdii.    The  Pods  has  been  very  properly  designated  as  the 

Fig.  15. 


C-yan»  of  the  Motor  inct,  aner  Sir  C.  Botl.    a,i,  fibTea  itl  ihs  hnnigphi 

■rea.coi 

ivernlng  I 

ivcrior  portion  of  iha  crui  cerebri;  b,  ihe  sani*  trad  where  paaainE  Ihi 

prrauldal  bcAj,  a  littie  aHoie  tlifl  poloi  of  dccuantloo;  t>,  Lho  remaining 

panol 

■  the  pona 

pgnlon  haring  been  dimeciBd  olTlo  upoae  B,  — 1,  olfaclorr  nerve,  In 

.ll,unlo 

mimr,  3,  3,iiK«i>iocuIi;  4,  4,paiheticuB;  6,5,lrlgBoiliiiiB:  6,6,  ita  moaculi 

.rdlvi. 

mm  a,  origin  of  Bf  niorj  nol  from  Ihs  p.«tprtor  part  of  Ihe  mpaulla  obi 

Inngala. 

;  9,  abduc 

10,  aadiiorj  nerve;  11,  facial  nerve;  iZ,  eighlh  pain  13,  hypofllcaatl;  14 

,  ^.Ina 

tncu  of  fibrous  matter  connei^ting  the  Brain  n>ilh  Ibe  Spinal  Cord,  have  a  somewhai 

E  amidol  farm;  and  it  might  be  added  thai  all  bave  something  of  a  rnti/omi  or  cord- 
UJKCl. 

•  P&aosophical  TraiuactioDs,  1635.     * 


130  FUNCTIONS  OF  THE  NBRTOUI  SYSTEM. 

^3t  Commissure  of  the  CeTebellum,  enclosing  the  Crura  Cerebri;  and  its 
transverse  fibres  not  only  surrouni^  the  longitudinal  bands  which  connect 
the  Cerebrum  with  the  Spinal  Cord,  hutpass  through  them,  so  as  in  some 
degree  to  isolate  the  (wo  lateral  halves  from  one  another,  and  lo  form  a 
complete  septum  between  the  anterior  and  posterior  portions  of  each.  The 
Motor  tract  is  brought  into  view  by  simply  raising  the  superficial  layer  of 
the  Pons,  and  tracing  upwards  and  downwards  the  longitudinal  fibres 
which  then  present  themselves.  It  is  then  found,  that  these  fibres  may  be 
traced  upwards  chiefly  into  the  Corpora  Striata,  whence  they  radiate  lo 
the  hemiapheres;  and  downtoardt,  chiefly  into  the  Anterior  Pyramids. 
From  (his  tract  arise  all  the  Motor  nerves  usually  reckoned  as  Cerebral; 
as  will  be  seen  in  the  accompanying  Figure.  The  Sensory  tract  is  dis< 
played  by  opening  the  Medulla  Oblongata  on  its  posterior  aspect;  sepa< 
rating  and  turning  aside  the  Restiform  Columns,  so  as  to  bring  into  view 
(he  Posterior  Pyramids,  which  lie  on  the  outside  of  the  calamus  scriplorius. 
On  tracing  (heir  fibres  upwards,  it  is  found  that  they  form  a  pari  of  (he  pos- 
terior  layer  of  the  Crura  Cerebri,  xilliraately  passing  on  to  the  Thalami 
Nervorum  Opticonim,  whence  they  radiate  to  the  hemispheres.  From  (his 
tract  no  motor  nerves  arise;  but  on  (racing  i[  downwards  into  the  Spinal 
Cord,  it  is  found  that  the  lentory  root  of  the  fifth  pair  terminates  in  i(,  and 
that  the  posterior  roots  of  the  spinal  nerves  are  evidently  connected  wi(h  its 
continuation.  Also  forming  part  of  the  posterior  division  of  (he  cms  cere- 
bri, and  separated  from  the  anterior  by  the  transverse  septum,  is  a  layer  of 
fibres  which  ascends  from  the  Olivary  bodies,  some  of  which  terminate  in 
the  Corpora  Quadrigemina. 

Fig.  16. 


I;  B,  wuoiT  roou  of 
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170.  On  tracing  upwards  the  four  divisions  of  the  Medulla  Oblongata, 
the  following  are  found  to  be  their  chief  connections  with  the  brain.  The 
fibres  of  the  Anterior  Pyramids  for  the  most  part  enter  the  Crura  Cerebri, 
passing  through  thcNPons  Varolii,  and  traversing  the  Optic  Thalami  (which, 
it  must  be  carefully  borne  in  mind  by  the  Student,  have  no  real  connection 
with  the  Optic  Nerves  or  with  the  sense  of  sight);  after  which  they  diverge 
and  become  intermingled  with  grey  matter,  thus  forming  the  Corpora  Striata, 
and  finally  radiate  to  the  convolutions  of  the  Cerebrum.  The  fibres  of  the 
Olivary  body  also  pass  into  the  Pons  Varolii,  and  there  divide  into  two 
bands,  of  which  one  proceeds  upwards  and  forwards  to  join  the  Crus  Cere- 
bri, whilst  the  other  passes  upwards  and  backwards  into  the  Corpora  Quad- 
rigemina.  Of  the  true  Restiform  bodies,  the  fibres  pass  entirely  into  the 
Cerebeliam.  Finally,  of  the  Posterior  Pyramids,  the  fibres  pass  directly 
onwards  through  the  Crura  Cerebri  into  the  Thalami,  whence  they  radiate 
to  t}ie  conTolutions. 

171.  The  dotmiward  course  of  these  fibres  into  the  Spinal  Cord  now 
remains  to  be  traced;  and  their  arrangement  is  by  no  means  a  simple  one. 
The  anterior  pyramids  decussate,  as  is  well  known,  at  their  lower  ex- 
tremity; die  principal  part,  but  not  the  whole,  of  the  fibres  on  each  side 
passing  over  to  the  other.  The  decussating  fibres  pass  backwards  as  well 
as  downwards,  and  enter,  not  the  anterior  column  of  the  spinal  cord  (as 
commonly  stated),  but  the  middle  column.  The  smaller  bundle  of  fibres, 
which  do  not  decussate,  passes  downwards,  along  with  those  of  the  olivary 
bodies,  to  form  the  anterior  column.  The  fibres  descending  from  the  Oli- 
Tary  bodies  converge,  as  those  of  the  pyramids  pass  backwards  from  be- 
tween them,  until  they  meet  on  the  median  line,  forming  the  greater  part 
of  ihc  anierior  column.  The  fibres  of  the  Posterior  Pyramids  are  stated 
by  Sir  C.  Bell  to  decussate  like  those  of  the  anterior;  they  pass  down 
chiefly  into  the  posterior  part  of  the  middle  column,  forming  part  also  of 
the  posterior.  The  fibres  of  the  Restiform,  or  Cerebellar  columns, — 
which,  like  those  of  the  Olivarj'  columns,  do  not  decussate, — mostly  pass 
downwards  into  the  posterior  columns;  but  a  band  'which  has  been  termed, 
from  its  curved  aspect,  the  arci/orm  layer)  passes  forwards  into  the  interior 
columns. 

172-  The  following  tabular  view  may  assist,  belter  than  any  delineations 
eoold  do,  in  the  comprehension  of  this  very  intricate  piece  of  Anatomy;  the 
knowledge  of  which  can  be  already  applied  to  the  explanation  of  many 
curious  pathological  phenomena,  and  cannot  but  assist  in  the  elucidation  of 
others  whose  rationale  is  as  yet  obscure. 

SPINAL  CO aD.  MEDCLLA  0BL:r.\:t7t.  tillS. 
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Functions  of  the  Spinal  Oiti. 

173.  The  functions  of  the  Nervous  Svst^ri  in  Ver^.n*';:  \'..':.\*  u-»  »■: 
complex  in  their  nature,  and  our  means  of  aaaiTZitzv^n:  \'.h  V/  :.- I"?*^'*-:-. 
that  the  inquiry  is  confessedly  one  of  the  gK:a'.«:  c.£r-..:v.  ir  i 
die  light  which  can  be  thrown  upon  it  from  aor  iocr<».     Trjs 
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sion  to  our  knowledge  of  them,  which  has  been  made  within  the  last  few 
years,  chiefly  by  the  labours  of  Sir  C.  Bell,  and  Dr.  M.  Hall,  has  so  far 
changed  the  aspect  of  this  department  of  Physiological  Science,  as  to  render 
it  necessary  for  those  who  had  previously  studied  it  to  begin  de  novo.  This 
is  especially  the  case  in  regard  to  the  actions  dependent  on  the  Spinal  Cord, 
which  it  seems  desirable  to  consider  in  the  first  instance,  in  order  that  it 
may  be  clearly  defined  what  the  Brain  does  not  do.  By  many,  even  in 
recent  times,  the  Spinal  Cord  has  been  considered  as  a  mere  appendage  to 
the  Brain;  but  the  phenomena  of  its  independent  action  render  such  an  idea 
quite  inadmissible.  These  phenomena  have  been  especially  pointed  out  by 
Dr.  M.  Hall;  and  it  is  mainly  owing  to  his  arguments,  that  Physiologists  are 
now  for  the  most  part  agreed  in  the  general  fact, — that  the  Spinal  Cord  con- 
stitutes a  distinct  centre,  or  rather  a  collection  of  centres,  of  nervous  influ- 
ence, and  that  its  operations  are  carried  on  through  the  nervous  trunks  with 
which  it  is  connected.  It  is  further  generally  admitted  that  its  functions  are 
independent  of  the  will;  and  that  they  are  in  efiect  frequendy  opposed  to 
those  of  the  brain,  which  operates  on  the  muscles  either  by  a  volitional  or 
by  an  emotional  impulse.  And,  lastly,  its  actions  are  always  (except  when 
excited  by  a  physical  irritation  directly  applied  to  itself)  entirely  of  a  reflex 
character:  tliat  is  to  say,  the  motor  impulses  which  originate  in  it  are  not 
spontaneous,  but  result  from  the  stimulus  of  impressions,  conveyed  to  it  by 
the  afferent  trunks,  and  operating  upon  it,  to  use  the  expression  of  Pro- 
chaska,  according  to  certain  '*  peculiar  laws  written,  as  it  were,  by  nature  on 
its  medullary  pulp.*'  It  is  not,  however,  universally  admitted  that  these 
actions  are  independent  of  sensation;  and  some  eminent  physiologists, 
among  whom  may  be  named  Dr.  Alison,  still  hold  that  the  intervention  of 
sensation  is  necessary, — in  the  case,  at  least,  of  the  ordinary  associated 
movements,  which  have  definite  ends  in  view,  and  follow  one  another  in 
regular  succession,  as  those  of  Respiration, — for  an  impression  to  give  rise 
to  that  organic  change  in  the  spinal  cord  which  shall  terminate  in  a  muscu- 
lar motion.*  It  will  be  desirable,  therefore,  to  consider  the  evidence  upon 
which  the  statement  rests,  that  reflex  actions  are  independent  of  sensation, 
though  ordinarily  accompanied  by  it. 

174.  In  the  first  place,  then,  it  has  long  been  well  known  that,  in  the  Hu- 
man being,  the  Spinal  Cord  does  not  itself  possess  in  the  remotest  degree 
the  power  of  communicating  sensory  impressions  to  the  mind;  since,  when 
its  lower  portion  has  been  severed  from  the  brain  by  injury  or  disease,  there 
is  complete  anssthesia  of  all  the  parts  of  the  body  which  derive  their  nerves 
exclusively  from  it.  Hence  it  might  be  inferred,  that,  throughout  the  Ver- 
tebrated  classes,  the  spinal  cord  is  equally  destitute  of  sensibility;  and  that 
whatever  movements  may  be  produced  by  stimuli  acting  through  it,  are  the 
results  of  a  physical,  and  not  of  a  sensorial  change.  This  inference,  how- 
ever, has  been  disputed;  and,  if  unsupported  by  other  evidence,  it  would 
not,  perhaps,  be  entitled  to  rank  as  an  ascertained  truth.  The  very  per- 
formance, by  decapitated  animals  of  inferior  tribes,  of  actions  which  had  not 
been  witnessed  in  Man  under  similar  circumstances,  has  been  held  to  indi- 
cate, that  the  spinal  cord  in  them  had  an  endowment  which  his  did  not 
possess.  The  possibility  of  such  an  explanation — however  unconformable 
to  that  analogy  throughout  organized  nature  which,  the  more  it  is  studied, 
the  more  invariably  does  it  guide  to  truth — could  not  be  disproved.  What- 
ever experiments  on  decapitated  animals  were  appealed  to  in  support  of  the 
doctrine  that  the  brain  is  the  only  seat.of  sensibility,  could  be  met  by  a  sim- 

♦  See  OulUnesof  Physiology,  3d  edit.  p.  211. 
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pie  denial  that  the  spinal  cord  is  everywhere  as  destitute  of  that  endowment 
as  it  appears  to  be  in  Man.  The  cases  of  profound  sleep  and  apoplexy 
mig-ht  be  appealed  to,  as  examples  of  reflex  action  without  consciousness; 
and  these  might  be  met  by  the  assertion,  that  in  such  conditions  sensations 
are  felt,  though  they  are  not  remembered.  It  is  difficult,  however,  to  apply 
rach  an  explanation  to  the  case  of  anencephalous  human  infants  (in  which 
all  the  ordinary  reflex  actions  have  been  exhibited  with  an  entire  absence  of 
the  brain),  without  supposing  that  the  Medulla  Oblongata  is  the  seat  of  a 
sensibility,  which  we  know  that  the  lower  part  of  the  Spinal  Cord  does  not 
possess;  and  of  this  there  is  no  evidence  whatever. 

175.  Experiments  on  the  lower  animals,  then,  and  observation  of  the 
phenomena  manifested  by  apoplectic  patients  and  anencephalous  infants, 
might  lead  to  the  conclusion  that  the  spinal  conl  does  not  possess  sensi- 
bility, and  that  its  reflex  actions  are  independent  of  sensation.  At  this 
conclnsion,  Prochaska,  Sir  G.  Blane,  Flourens,  and  other  physiologists,  had 
arrived;  bat  it  was  not  until  special  attention  was  directed  to  the  subject  by 
Dr.  M.  Hall,  that  facts  were  obtained,  by  which  a  positive  statement  of  it 
eould  be  supported.  For  the  question  might  have  been  continually  asked, — 
If  the  spinal  cord  in  Man  is  precisely  analogous  in  function  to  that  of  the 
lower  Vertebrata,  why  are  not  its  reflex  phenomena  manifested,  when  a 
portion  of  it  is  severed  from  the  rest  by  disease  or  injury?  The  answer  to 
this  qoestion  is  twofold.  In  the  first  place,  simple  division  of  the  cord  with 
a  sharp  instrament  leaves  the  separated  portion  in  a  state  of  much  more 
complete  integrity,  and  therefore  in  a  state  much  more  fit  for  the  perform- 
ance of  its  peculiar  functions,  than  it  ordinarily  is  after  disease  or  violent 
injary:  and  as  the  former  method  of  division  is  one  which  the  physiologist 
IS  not  likely  to  meet  with  in  Man  as  a  result  of  accident,  and  cannot  expe- 
rimentally put  in  practice,  the  cases  in  which  reflex  actions  are  manifested 
are  likely  to  be  comparatively  few.  But,  secondly,  a  number  of  such  in- 
stances hare  now  been  accumulated,  sufficient  to  prove  that  the  occurrence 
is  by  no  means  so  rare  as  mi^ht  have  been  supposed:  and  that  nothing  is 
required  but  patient  observation,  to  throw  great  light  on  this  interesting 
qoestion  from  the  phenomena  of  disease.  A  most  valuable  collection  of 
soch  rases,  occurring  within  his  own  experience,  has  been  published  by  Dr. 
W.  Bodd;*  and  the  leading  facts  observed  by  him  will  be  now  enumerated. 

176.  In  the  first  case,  paraplegia  was  the  result  of  angular  distortion  of 

the  spine  in  the  dorsal  region.    The  sensibility  of  the  lower  extremities  was 

extremely  feeble,  and  the  power  of  voluntary  motion  was  almost  entirely 

lost.   •*  When,  however,  any  part  of  the  skin  is  pinched  or  pricked,  the  limb 

dut  is  thus  acted  on  jumps  with  great  vivacity:  the  toes  arc  reirzcied  xo- 

wards  the  instep,  the  toot  is  raised  on  the  heel,  and  the  knee  so  flexed  as  to 

1UK  it  off  the  bed:  the  limb  is  maintained  in  ihi«  eVt'Ji  of  tension  for  several 

Hconds  after  the  withdrawal  of  the  stimulus,  and  then  S^rcomes  sn*i*i'::i\y 

Riaxed.''     "In  general,  while  one  leg  was  convT;l«ed.  i:«  f*:llow  r^msined 

qniet,  unless  stimulus  was  applied  to  bo:h  at  orirre."     ••  In  \::*:ie  ir.r <:.-'':«. 

^  phckine  and  pinching  were  perceived  by  t'r.e  p'4U*r*.-  Vji  mvr'i  rnort 

tM!m/  contractions  are  excited  by  a  stim'ilus,  of  uh^.t*  pr^tt-nfit  h*  \i  »/r,- 

Mudou*.      When  a  fe^iher  is  passed  ligK'/.y  ore:  :-.*  •£;:..  i.i  '.-.*:  :.-,  .'.-■■ 

•f  the  instep,  as  if  to  tickle.  r^»nvul*iois  o^r::  i:.  ".*  ^'rr^ *;/->:.:. -.2  .  ":. 

■acfa  more  visrorocs  th^n  -.hose  in  i:?*;i  Sv  \,,:.-'.  '.z  *>-'  :  r.-i.r.^:  v  ^v  - . :- 

ttedone  another  in  a  rsr/id  icr^T-?  of  jerk*.  •»:..•.  ir*  rh'y-.'.'H"..  \h  ..  ir  ts 

vftimalns  is  maintained.     ••  ^\  nea  any  o::-*::  ytr,  'y.  iv*  ,.'z,\  ji  .rr.uA*-: 
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in  the  same  way,  the  convulsions  which  ensue  are  very  feeble,  and  much 
less  powerful  than  those  induced  by  pricking  or  pinching."  ''  Convulsions, 
identical  with  those  already  described,  are  at  all  times  excited  by  the  acts 
of  defecation  and  micturition.  At  these  times,  the  convulsions  are  much 
more  vigorous  than  under  any  other  circumstances,  insomuch  that  the  pa- 
tient has  been  obliged  to  resort  to  mechanical  means  to  secure  his  persofi 
while  engaged  in  these  acts.  During  the  act  of  expulsion,  the  convulsions 
succeed  one  another  rapidly,  the  urine  is  discharged  in  interrupted  jets,  and 
the  passage  of  the  faeces  su6fers  a  like  interruption."  The  convulsions  are 
more  vigorous  the  greater  the  accumulation  of  urine;  and  involuntary  con- 
tractions occur  whenever  the  bladder  is  distended,  and  also  when  the  desire 
to  relieve  the  rectum  is  manifested.  *'  In  all  these  circumstances,  the  con- 
vulsions are  perfectly  involuntary;  and  he  is  unable,  by  any  effort  of  the 
will,  to  control  or  moderate  them."  The  patient  subsequently  regained,  in 
a  gradual  manner,  both  the  sensibility  of  the  lower  extremities,  and  volun- 
tary power  over  them;  and  as  voluntary  power  increased,  the  susceptibility 
to  involuntary  movements,  and  the  extent  and  power  of  these,  diminished. 

177.  This  case,  then,  exhibits  an  increased  tendency  to  perform  reflex 
actions,  when  the  control  of  the  brain  was  removed;  it  also  shows  that  a 
slight  impression  upon  the  surface,  of  which  the  patient  was  not  conscious, 
was  more  efficacious  in  exciting  reflex  movements,  than  were  others  more 
powerfully  affecting  the  sensory  organs.  This  is  constantly  observed  in 
experiments  upon  the  lower  animals;  and  it  harmonizes,  also,  with  the  im- 
portant fact,  that,  when  the  trunk  of  an  afferent  nerve  is  pinched,  pricked* 
or  otherwise  irritated,  the  reflex  function  will  not  be  nearly  so  strongly 
excited,  as  when  a  gentler  impression  is  made  on  a  surface  supplied  by 
the  branches  of  this  nerve.  The  former  produces  pain,  whilst  the  latter 
does  not;  the  amount  of  sensation,  therefore,  does  not  at  all  correspond  with 
the  intensity  of  reflex  action,  but  rather  bears  a  converse  relation  to  it.  Mr. 
Grainger  found  that  he  could  remove  the  entire  hind  leg  of  a  Salamander 
with  the  scissors,  without  the  creature  moving,  or  giving  any  expression  of 
suffering,  if  the  spinal  cord  had  been  divided;  yet  that,  by  irritation  of  the 
foot,  especially  by  heat,  in  an  animal  similarly  circumstanced,  violent  con- 
vulsive actions  in  the  leg  and  tail  were  excited. — It  should  be  added  that,  in 
the  foregoing  case,  the  nutrition  of  the  lower  extremities  was  not  impaired, 
as  in  most  cases  of  paraplegia.  The  rationale  of  this  occurrence,  which  is 
a  phenomenon  to  be  constantly  observed  when  the  reflex  actions  of  the  part 
remain  entire,  will  be  hereafter  noticed  (Cha.p.  v.). 

178.  In  another  case,  the  paralysis  was  more  extensive,  having  beeft 
produced  by  an  injury  (resulting  from  a  fall  into  the  hold  of  a  vessel)  at  the 
lower  part  of  the  neck.  There  was  at  first  total  loss  of  voluntary  power 
over  the  lower  extremities,  trunk,  and  hands;  slight  remaining  voluntary 
power  in  the  wrists,  rather  more  in  the  elbows,  and  still  more  in  the  shoal- 
ders.  The  intercostal  muscles  did  not  participate  in  the  movements  of  re- 
spiration. The  sensibility  of  the  hands  and  feet  was  greatly  impaired. 
There  was  retention  of  urine,  and  itivoluntary  evacuation  of  the  faeces.  Re- 
covery took  place  very  gradually;  and  during  its  progress  several  remarkable 
phenomena  of  reflex  action  were  observed.  At  first,  tickling  one  sole  excited 
to  movement  that  limb  only  which  was  acted  upon;  afterwards,  ticklinf 
cither  sole  excited  both  legs,  and  on  the  26lh  day,  not  only  the  lower  ex- 
tremities, but  the  trunk  and  upper  extremities  also.  Irritating  the  soles,  by 
tickling  or  otherwise,  was  at  first  the  only,  and  always  the  most  efficient 
method,  by  which  convulsions  could  be  excited.  From  the  26lh  to  the  69th 
day,  involuntary  movements  in  all  the  palsied  parts  continued  powerful  and 
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extensive,  and  were  excited  by  the  following  causes: — In  the  lower  extremi- 
ties only,  by  the  passage  of  Aatus  from  the  bowels,  or  by  the  contact  of  a 
cold  urinal  with  the  penis;  convulsions  in  the  upper  extremities  and  trunk, 
attended  with  sighing,  by  plucking  the  hair  of  tlie  pubes.     On  the  41st 
day,  a  hot  plate  of  metal  was  applied  to  the  soles,  and  found  a  more  power- 
ful exciter  of  movement  than  any  before  tried.     The  movements  continued 
as  long  as  the  hot  plate  was  kept  applied;  but  the  same  plate,  at  common 
temperature,  excited  no  movements  after  the  first  contact.    The  contact  was 
distinctly  felt  by  the  patient;  but  no  sensation  of  heat  was  perceived  by 
him,  although  the  plate  was  applied  hot  enough  to  cause  vesication.     At 
three  different  intervals  the  patient  took  one-eighth  of  a  grain  of  strychnia 
three  times  a  day.     Great  increase  of  susceptibility  to  involuntary  move- 
ments immediately  followed,   and    they   were  excited  by  the  slightest 
caases.     No  convulsions  of  the  upper  extremities  could  ever  be  produced, 
however,  by  irritating  their  integument;   though,  under  the  influence  of 
strychnia,  palling  the  hair  of  the  head,  or  tickling  the  chin,  would  produce 
violent  spasmodic  actions  in  them.    Spontaneous  convulsions  of  the  palsied 
parts,  which  occurred  at  other  times,  were  more  frequent  and  more  power- 
ful after  the  use  of  strychnia.     On  the  first  return  of  voluntary  power,  the 
patient  was  enabled  to  restrain  in  some  measure  the  excited  movements; 
but  this  required  a  distinct  effort  of  the  will,  and  the  first  attempts  to  walk 
were  curiously  affected  by  the  persistence  of  the  susceptibility  to  excited 
involuntary  movements.     When   he  first  attempted  to  stand,  the  knees 
immediately  became  forcibly  bent  under  him;  this  action  of  the  legs  being 
excited  by  contact  of  the  soles  with  the  ground.     On  the  95th  day  this 
effect  did  not  take  place  until  the  patient  had  made  a  few  steps;  the  legs 
then  had  a  tendency  to  bend  up,  a  movement  which  he  counteracted  by 
robbing  the  surface  of  the  belly:  this  rubbing  excited  the  extensors  to  action, 
and  the  legs  became  extended  with  a  jerk.     A  few  more  steps  were  then 
the  manoeuvre  repeated,  and  so  on.     This  susceptibility  to  involun- 
T  movements  from  impressions  on  the  soles  gradually  diminished;  and 
the  141  St  day,  the  patient  was  able  to  walk  about,  supporting  himself  on 
the  back  of  a  chair  which  he  pushed  before  him;  but  his  gait  was  unsteady, 
and  much  resembled  that  of  chorea.     Sensation  improved  very  slowly:  it 
was  on  the  53d  dav  that  he  first  slightly  perceived  the  heat  of  the  metal 
plate. 

179.  This  important  case  suggests  many  interesting  reflections.     Com- 
wm  sensation  was  not  so  completely  abolished  as  in  the  former  instance; 
taof  the  peculiar  kind  of  impression,  which  was  found  most  efficacious 
B  exciting  redex  movements,  no  consciousness  whatever  was  experienced. 
ISotless  interesting  was  the  circumstance,  that  convulsions  codd  be  readily 
tuited  by  impressions  on  surfaces  above  the  seat  of  i!:;urT:  a.«,  by  pnlling 
*•  hair  of  die  scalp,  a  sudden  noise,  and  so  on.   Th:«  proves  :wo  \m\f'irAXi\ 
pms:  first,  that  a  lesion  of  the  cord  may  be  s'joh  a  -o  iavtrcej/i  the  tran*- 
■inion  of  voluntary  influence,  and  yet  may  alloir  •.;.*:  xrkTjtunh^vtn  of  rr.ii 
^•iected  from  incident  uervr-?.     Secondly,  tr.-a.:  ^11  ir.f!-^r;c^  from  impr«r*- 
■Wion  incident  nerves  are  dirlused  xtiTozzh  '.he  ^o:-:;  Ujt.  in  'm  ir-ftU:.-:^ 
•Uaced,  the  reflected  infiuer^ce  was  cndo'-'-.'-^/fiy  r.o:  s^vi*:  Vj  devi^*/:  -Vj 
*eeoTd  by  the  morbid  cor-d:::ori  of  '.h'li  orzi.':.  v-:  followed  .-jt  TiiV.r^,  ^.'r.r^ 
•fdifasio'n,  being  renierei  ii.'ir.:fe»:  in  ::.:*  'n.«  Vy  v-*  ^o.-:t_».o'.*  -a  -.  < -^ 
*ne excited,  in  conseciceL^re  of  ir.'rre^.^ed  ^'r..^.:y  of  V-*  r-'/or  :\:,'.-  .-.  -f 
*eeonL«   It  is  further  in-»ere£::-z  •-•>  rexirit  v^-.,  li:Lt  iortz'^,:,?  t^**.  '^* 

■  Ii«  obvious,  ihe:ef-.T?.  '.i^-  -ai.*!  »t  vji»,:^:   v*  ry.^x.  v.::  ii  \z,  -,tli  : :-- 
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reflex  actions  were  very  feeble  during  the  first  seven  days,  in  comparison 
with  their  subsequent  energy;  being  limited  to  slight  movements  of  the  feet, 
which  could  not  always  be  excited  by  tickling  the  soles.  In  another  case  of 
very  similar  character,  it  was  three  days  after  the  accident,  before  any  reflex 
actions  could  be  produced.  It  is  evident,  then,  that  the  spinal  cord  must 
have  been  in  a  state  of  concussion,  which  prevented  the  manifestation  of  its 
peculiar  functions,  so  long  as  the  efiect  lasted;  and  it  is  easy,  therefore, 
to  perceive  that  a  still  more  severe  shock  might  permanently  destroy  its 
power,  so  as  to  prevent  the  exhibition  of  any  of  the  phenomena  of  reflex 
action. 

180.  It  seems  well  established,  then,  by  such  cases,  that  the  Spinal  Cord, 
or  small  segments  of  it,  may  serve  in  Man  as  the  centre  of  very  energetic 
reflex  actions,  when  the  voluntary  power  exercised  through  the  Brain  over 
the  muscular  system  is  suspended  or  destroyed.  And  it  is  further  evident, 
that  these  movements  are  produced  by  a  mere  physical  change  in  the  ner- 
vous centres;  the  consciousness  of  the  individual  not  being  aflected  in  their 
performance,  and  sensation  having  therefore  no  necessary  participation  in 
them.  The  movements  witnessed  in  the  lower  animals  under  the  same  cir- 
cumstances being  altogether  of  a  similar  character,  there  seems  no  good  rea- 
son to  attribute  to  the  Spinal  Cord  in  them  an  attribute  of  which  it  is  cer- 
tainly destitute  in  Man.  There  is  no  essential  diflerence,  either  m  structure, 
or  in  the  nature  of  the  actions  perform*ed  by  them,  between  the  Spinal  Cord 
and  the  Medulla  Oblongata,  which  can  warrant  us  in  assigning  to  the  latter 
a  function  that  the  former  does  not  possess;  and  if  the  reflexions  of  the  Spi- 
nal Cord  do  not  involve  sensation,  there  is  good  reason  for  concluding,  that 
this  change  is  not  a  necessary  element  in  those  of  the  Medulla  Oblongata. 
It  is  perfectly  true,  that  it  always  accompanies  in  us  the  greater  number  of 
actions,  to  which  that  division  of  the  centre  is  subservient;  for  example* 
those  of  respiration  and  deglutition:  and  it  is  scarcely  possible  for  such  an 
accident  to  occur  in  the  Human  being,  as  the  separation  of  the  Medulla  Ob- 
longata from  the  brain,  without  the  destruction  of  the  independent  functions 
of  both.  It  is  not  likely  that  we  can  ever  have  the  power  of  ascertaining, 
by  the  testimony  of  a  patient  so  aflected,  that  the  respiratory  movements 
are  performed  without  the  necessary  intervention  of  sensation;  as  we  have 
been  able  to  do  in  regard  to  other  reflex  movements.  But  the  general  facts 
being,  that  there  is  no  positive  ground  whatever  for  regarding  any  part  of 
the  spinal  cord  as  a  sensorium  independent  of  the  brain,  and  that  the  respi- 
ratory movements  certainly  correspond  in  all  their  conditions  with  the  actions 
denominated  reflex,  there  would  seem  no  good  reason  for  maintaining  that 
sensation  is  an  element  to  their  production,  whilst  it  is  admitted  to  be  not 
essential  in  the  case  of  the  less  regular  convulsive  actions  already  described. 
The  character  of  adaptivenesa  to  a  designed  end,  in  regard  to  their  combi- 
nation and  succession,  which  the  movements  of  respiration  and  deglutition 
exhibit,  is  clearly  no  proof  of  their  dependence  on  sensation;  since  an  equally 
perfect  adaptiveness  is  witnessed  in  the  actions  of  the  heart,  alimentary 

plete  in  itself,  the  terms  direct  and  retrograde  have  no  application;  these  being  jnscly 
applied  only  when  there  is  a  determinate  direction  for  the  transmission  of  a  change  in 
the  condition  of  the  nerves:  as  when  a  sensory  impression  is  propagated  along  an 
aflerent  trunk,  or  upwards  to  the  brain  in  thai  part  of  the  spinal  cord  which  is  a  mere 
conductor;  or  when  a  motor  impulse  is  propagated  downwards  from  the  brain  through 
the  conducting  portion  of  the  spinal  cord,  or  by  an  elferent  trunk.  If,  in  either  of 
these  cases,  the  course  of  transmission  could  be  reversed,  ii  mijjht  be  fairly  said  lobe 
retrograde;  but  the  true  spinal  cord  is  not  a  conducting  organ,  but  a  ganglionic  cen- 
tre for  the  reception  and  reflexion  of  impressions,  which  arc  diffused  through  it  in  all 
directions  alike. 
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canal,  &c.  which  are  still  further  removed  from  the  control  of  the  will. 
And,  further,  it  does  not  appear  by  any  means  evident,  what  end  or  purpose 
coald  be  answered  by  the  production  of  sensation  as  a  part  of  the  chain  of 
phenomena  of  reflex  action.  The  question  is,  are  these  movements  guided 
in  any  way  by  the  mind;  or  do  they  necessarily  result  from  certain  physical 
conditions  of  the  nervous  system?  If  their  adaptiveness  is  the  result  of 
mental  guidance,  then  not  only  sensation  but  judgment  and  volition  must 
necessarily  be  involved;  since  it  is  impossible  that  sensation  can  guide  to 
the  choice  of  one  out  of  many  modes  of  action,  without  the  exercise  of  these 
facalties.  On  the  other  hand,  if  it  be  said  that  certain  movements  are  from 
the  first  necessarily  associated  with  certain  sensations,  it  is  difficult  to  see 
why  they  should  not  be  equally  associated  with  the  impressions  by  which 
the  sensations  are  produced.  Sensation  is  a /}«ycAtca/ phenomenon.  It  is 
the  communication  to  the  mind  of  a  certain  organic  change  in  the  nervous 
systein.  It  is  the  first  step  in  the  train  of  purely  mental  operations;  and 
these  terminate  in  the  formation  of  an  emotional  or  volitional  impulse,  which 
reacts  on  the  body.  But  we  have  no  reason  to  believe  that  sensation  can 
itself  reaetOD  the  body;  or  that,  if  it  could,  it  would  be  a  better  guide  than 
the  impiession  which  produced  it.     Thus — 

Impression  a  produces 

sensation  A,  with  which  is  associated 

motion  a; 
and  in  like  manner, 

impression  b  produces 

sensation  B,  with  which  is  associated 

motion  ^. 
There  seems  no  valid  reason,  then,  to  assert  that  a  motion  may  not  have 
an  equally  close  connection  with  the  impression^  as  it  is  asserted  to  have 
with  the  sensation  resulting  from  it. 

181.  The  question  has  been  often  put  to  those  who  advocate  this  view, 
—why  the  sensation  should  be  so  constantly  associated  with  these  changes, 
if  not  essential  to  produce  motion?  An  objection  might  fairly  be  made  to 
any  reasoning  from  final  causes,  in  a  question  of  facts;  but  the  inquiry  may 
be  easily  answered.  In  many  instances  the  production  of  sensations  is  the 
stimulus  necessary  for  the  excitement  of  other  actions,  which  are  required 
for  the  continued  maintenance  of  those  in  question.  This  may  be  rendered 
more  comprehensible  by  a  simple  illustration.  A  cistern  filled  with  water 
may  be  speedily  emptied  by  a  cock  occasionally  opened  at  the  bottom;  but, 
if  it  communicate  with  a  reservoir,  by  means  of  a  valve  opened  by  a  ball 
floating  on  the  surface  of  the  water  it  contains,  it  may  be  kept  constantly 
foil.  The  channel  is  opened,  and  the  water  flows  out;  and,  in  consequence 
of  the  lowering  of  the  surface  thus  produced,  the  floating  valve  is  opened, 
and  the  cistern  is  refilled  from  the  reservoir.  Now  here  the  action  of  the 
ball-cock  at  the  top  is  not  essential  to  the  flow  of  water  at  the  bottom,  but 
is  rather  consecutive  upon  it.  Just  so  is  it  with  regard  to  those  movements 
of  Animals,  which  are  concerned  in  the  ingestion  of  their  food.  The  mus- 
colar  contractions  required  to  propel  it  along  the  alimentary  canal,  from  the 
stomach  downwards,  are  provided  for  without  even  the  intervention  of  the 
Bervons  system.  To  bring  it  within  reach  of  these,  a  muscular  apparatus 
ii  provided,  by  which  any  thing  that  comes  within  its  grasp  is  conveyed 
downwards,  through  a  reflex  operation,  originating  in  the  impression  made 
ipon  the  surface  of  the  pharynx.  Now  this,  in  the  ordinary  condition,  may 
be  considered  as  attended  with  sensation,  in  order  that  those  other  move- 
_  ments  may  be  performed,  which  will  bring  food  within  the  reach  of  the 

\ 
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apparatus  of  deglutition.  The  Polype  is  dependent  for  its  supplies  of  ali- 
ment, upon  what  the  currents  in  the  surrounding  fluid,  or  other  chances, 
bring  into  its  neighbourhood;  but  any  thing  which  touches  its  tentacula  is 
entrapped  and  conveyed  into  its  stomach.  The  anencephalous  infant, 
again,  can  swallow,  and  even  suck;  but  it  can  execute  no  other  movements 
adapted  to  obtain  the  supply  of  food  continually  necessary  for  maintenance, 
because  it  has  not  a  mind  which  sensations  could  awake  into  activity. 

182.  The  sensation  connected  with  reflex  actions  has  not  only  this  im- 
portant end,  but  it  frequently  contributes  to  enjoyment,  as  in  suction  and 
ejaculatio  seminis.  Now  there  is  evidence  that  the  latter  of  these  processes, 
involving  though  it  does  the  combined  action  of  a  number  of  muscles,  and 
dependent  as  it  seems  upon  sensation  of  a  very  peculiar  kind,  may  take 
place  without  consciousness  on  the  part  of  the  individual.  Brachet  men- 
tions a  case  of  this  kind  in  the  Human  subject,  in  which  the  patient's  own 
testimony  could  be  adduced;  and  he  ascertained  that  emission  could  be 
produced  in  dogs^  in  which  the  spinal  cord  had  been  divided  in  the  back, 
and  in  which,  therefore,  it  can  scarcely  be  doubted  that  the  sensibility  of 
the  genital  organs  was  destroyed.  Such  cases,  it  might  be  thought,  are 
sufficient  to  prove  that  the  power  of  the  Reflex  function,  operating  inde- 
pendently of  sensation,  is  not  confined  to  such  irregular  convulsive  move- 
ments as  are  seen  in  Man  after  disease  or  injury,  but  is  exercised  in 
producing  the  regular  combined  actions,  which  are  necessary  for  the  main- 
tenance of  the  organic  functions.  The  sensation  accompanying  these 
actions,  moreover,  frequently  affords  premonition  of  danger,  or  gives  ex- 
citement to  supplementary  actions  destined  to  remove  it,  as  in  the  case  of 
respiration;  for  where  any  thing  interferes  with  the  due  discharge  of  the 
function,  the  uneasy  sensation  that  ensues  occasions  unwonted  movements, 
which  are  more  or  less  adapted  to  remove  the  impediment,  in  proportion  as 
they  are  guided  by  judgment  as  well  as  by  consciousness.  Again,  sensation 
often  gives  warning  against  inconvenience,  as  in  the  excretory  functions; 
and  here  it  is  very  evident  that  its  object  is  not  only  (if  at  all)  to  excite  the 
associated  muscles  necessary  for  the  excretion,  but  actually  to  make  the  will 
set  up  the  antagonizing  action  of  the  sphincters,  as  will  be  hereafter  ex- 
plained. There  is  one  unequivocal  case,  in  the  ordinary  condition  of  the 
human  body,  of  reflex  action  without  sensation;  this  is  the  muscylar  con- 
traction by  which  the  food  is  propelled  from  the  bottom  of  the  pharynx  to 
the  stomach.  Unless  the  morsel  be  very  bulky,  so  as  to  press  on  the  sur- 
rounding parts,  or  be  very  different  in  temperature  from  the  surface  it 
touches,  or  have  any  peculiar  irritating  quality,  we  are  not  more  conscious 
of  its  presence  whilst  it  is  passing  down  the  lower  part  of  the  oesophagus, 
than  when  it  is  being  propelled  along  the  intestinal  tube;  and  yet,  as  Dr.  J. 
Reid's  experiments*  have  shown,  this  contraction  is  of  a  reflex  character, 
not  being  stimulated  by  direct  contact,  but  requiring  the  completeness  of  the 
nervous  circle  for  its  performance. 

183.  We  shall  now  separately  consider  the  chief  operations  in  which  the 
Spinal  Cord  and  its  system  of  nerves  are  usually  concerned,  in  the  ordinary 
course  of  the  vital  actions  of  the  Human  body.  Upon  taking  a  general 
survey  of  these,  it  will  be  found  that  their  ordinary  function  is,  to  supply 
the  conditions  requisite  for  the  maintenance  of  the  various  organic  processes. 
Thus,  the  aeration  of  tlio  blood,  which  takes  place  whenever  that  fluid  is 
placed  in  relation  with  the  atmosphere,  can  only  be  carried  on  by  the  regular 
exchange  of  the  small  quantity  of  the  gas  contained  in  the  lungs;  if  this 

*  Edinb.  Med.  and  Sarg.  Journ. 
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ceue,  the  circulation  is  soon  brought  to  a  stand,  and  loss  of  Titality  of  the 
whole  Bjstem  speedily  results.  Hence  this  is  the  most  constantly  necessary 
of  all  the  actions  of  the  Spinal  Cord;  and  we  find  its  maintenance,  in  spite 
of  accident  or  disease  of  the  spine,  remarkably  provided  for,  in  the  location 
of  the  centre  of  the  respiratory  movements,  which  occupies  a  position  where 
it  receives  the  greatest  possible  amount  of  protection.  The  supply  of  the 
digestive  apparatus,  again,  is  immediately  dependent  upon  tlie  spinal  system; 
and  this,  being  another  essential  function,  has  its  centre  equally  protected. 
The  outlets  of  the  cavities  are  also  controlled  by  the  spinal  system;  but  this 
fonetion,  although  essential  to  the  comfort  of  life,  is  less  necessary  to  its 
maintenance;  and  we  find  it  dependent  upon  a  portion  of  the  cord  which  is 
more  liable  to  lose  its  powers  by  disease  or  injury.  It  is  possible,  as  will 
hereafter  be  shown,  that  several  actions,  which  are  at  first  voluntary,  may 
be  effected,  when  so  frequently  performed  as  to  become  habitual,  through 
the  medium  of  the  spinal  system:  of  this  kind  seem  to  be  the  movements 
of  loeomotion,  which  are  continued  involuntarily,  when  the  whole  attention 
of  the  mind  is  given  to  other  objects,  but  which  the  will  can  check  at  any 
time.  We  shall  commence  our  particular  survey  of  the  Reflex  movements 
in  Man,  with  the  consideration  of  those  of  Respiration,  which  are  well 
adapted  for  illustrating  their  general  character. 

Respiratory  Movements, 

184.  The  centre  of  the  Respiratory  movements  is  the  upper  part  of  the 
Medulla  Oblongata:  into  this  may  be  traced  the  excitor  nerves  that  convey 
the  stimulus  on  which  the  movements  are  dependent;  and  from  it  proceed, 
either  directly  or  indirectly,  the  motor  nerves  by  which  they  are  carried 
into  effect.  The  chief  Excitor  of  the  respiratory  movements  is  unques- 
tionably the  Par  Vagum.  When  this  is  divided  on  both  sides,  according  to 
the  experiments  of  Dr.  Reid,*  the  number  of  respiratory  movements  is  con- 
siderably diminished,  usually  about  one-half.  Now  if  this  nerve  excites 
the  actions  of  respiration  by  its  powerful  action  in  producing  sensation,  we 
should  expect  to  find  its  trunk  endowed  with  considerable  sensibility,  which 
is  not  the  case;  for  all  experimenters  agree  in  stating  that,  when  its  trunk 
b  pinched  or  pricked,  the  animal  does  not  exhibit  signs  of  pain  nearly  so 
acute,  as  when  the  trunks  of  the  ordinary  spinal  nerves,  or  of  the  fifth  pair, 
are  subjected  to  similar  treatment.  It  cannot  be  questioned,  however,  that 
its  power  as  an  excitor  of  respiration  is  very  great,  since,  besides  the  fact 
of  the  diminution  in  the  number  of  inspirations  which  occurs  immediately 
on  section  of  it,  irritation  of  its  trunk  in  the  neck  is  instantly  followed  by 
an  act  of  inspiration.  It  is  evident  that  this  power  must  arise  from  impres- 
sions made  upon  its  peripheral  extremities.  The  impression  is  probably 
dae  to  the  presence  of  venous  blood  in  the  capillaries  of  the  lungs;  or,  as 
Dr.  M.  Hall  thinks,  to  the  presence  of  carbonic  acid  in  the  air-cells.  Either 
or  both  may  be  true.  The  pneumogastric  nerve,  however,  is  not  the  only 
excitor  of  the  respiratory  movements;  since,  when  the  nerve  is  cut  on  each 
side,  they  still  continue.  Dr.  Reid  has  satisfactorily  shown  the  statement 
of  many  experimenters,  that  the  inspirations  are  increased  in  frequency 
after  this  operation,  to  be  erroneous;  this  idea  having  originated  in  their 
very  prolonged  and  laborious  character.  The  removal  of  the  encephalon, 
also,  diminishes  the  frequency  of  the  respiratory  movements,  whether  it  be 
performed  before  or  after  the  section  of  the  vagi.     Dr.  Reid  found  that,  in  a 
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kitten  of  a  day  old,  in  which  the  inspirations  were  100  per  minute,  they 
fell  to  40  when  the  encephalon  was  removed;  and  on  subsequently  cutting 
the  pneumogas tries,  the  number  of  inspirations  instantly  fell  to  between  3 
and  4  in  the  minute,  and  continued  so  for  some  time.  Hence  it  appears 
that  the  respiratory  movements  are  partly  dependent  upon  cerebral  agency 
or  volition;  and  this  may  also  be  learned  from  the  prolonged  and  laborious 
character  of  the  inspirations  during  sleep  or  profound  attention,  when  the 
influence  of  the  cerebrum  is  more  or  less  suspended. 

185.  But  why  (it  may  be  asked)  do  the  movements  continue,  when  the 
pneumogastrics  have  been  divided,  and  the  encephalon  has  been  removed? 
It  is  evident  that  there  must  be  other  exciters  to  the  action  of  the  respiratory 
muscles.     Amongst  these,  the  nerves  distributed  to  the  general  surface,  and 
particularly  to  the  face,  probably  perform  an  important  part;  and  in  exciting 
the  first  inspiration,  the  fifth  pair  seems  the  principal  agent.     It  has  long 
been  a  well  known  fact,  that  the  first  inspiratory  efifort  of  the  new-born  in- 
fant is  most  vigorously  performed  when  the  cool  external  air  comes  into 
contact  with  the  face;  and  that  impressions  on  the  general  surface,  such  as 
a  slap  of  the  hand  on  the  nates,  are  often  effectual  in  exciting  the  first  in- 
spiratory movements,  when  they  would  not  otherwise  commence.     Dr.  M. 
Hall  relates  an  interesting  case  in  which  the  first  inspiration  was  delayed, 
simply  because  the  face  was  protected  by  the  bed-clothes  from  the  atmo- 
sphere; and,  on  lifting  up  these,  the  infant  immediately  breathed.     Every 
one  knows  the  fact  that  the  first  plunge  into  cold  water,  the  first  descent  of 
the  streams  of  the  shower-bath,  or  even  dashing  a  glass  of  cold  water  in  the 
face,  will  excite  inspiratory  efforts.     That  the  nerves  of  the  general  surface 
are  concerned  in  this,  appears  from  an  experiment  of  Dr.  Reid's.     After 
dividing  the  pneumogastrics,  and  removing  the  brain  and  cerebellum,  he 
divided  the  spinal  cord  high  up  in  the  neck,  so  as  to  cut  ofi*  the  communica- 
tion between  the  spinal  nerves  and  the  Medulla  Oblongata;  and  he  found 
that  the  frequency  of  the  respiratory  movements  was  still  further  diminished, 
although  they  were  not  even  then  entirely  suspended.     It  may  be  surmised, 
however,  that  the  Sympathetic  nerve,  which  derives  many  filaments  from 
the  cerebro-spinal  system,  and  especially  communicates  with  the  pneumo- 
gastric  nerves,  is  one  of  the  excitors  to  this  function;  and  this,  perhaps,  not 
only  through  its  ramifications  in  the  lungs,  which  are  considerable,  but  also 
by  its  distribution  on  the  systemic  vessels;  so  that  it  may  convey  to  the 
spinal  cord  the  impression  of  imperfectly  arterialized  blood  circulating  in 
these,  such  as  the  pneumogastric  is  believed  to  transmit  from  the  lungs.   It 
will  hereafter  be  shown  that  an  impression  of  a  corresponding  kind  is  more 
probably  the  cause  of  the  sense  of  hunger  and  thirst,  than  any  which  ori- 
ginates in  the  stomach  alone.     The  Motor  or  Efiferent  nerves  concerned  in 
the  function  of  Respiration  are  those  which  Sir  C.  Bell  has  grouped  toge- 
ther in  his  respiratory  system.     The  most  important  of  these,  the  Phrenic, 
arises  from  the  upper  part  of  the  Spinal  Cord;  the  Intercostals  much  lower 
down;  whilst  the  Facial  nerve  and  the  Spinal  Accessory,  to  the  latter  of 
which,  as  will  presently  be  stated,  the  motor  powers  of  the  par  vagum  are 
chiefly  due,  take  their  origin  in  the  medulla  oblongata  itself.     But  we  must 
not  decide  upon  the  connection  of  a  particular  nerve  with  a  particular  seg- 
ment of  the  spinal  cord,  simply  because  it  diverges  from  it  at  that  point.   It 
has  been  shown  that,  in  the  Mollusca,  a  nerve  passing  to,  or  proceeding 
from,  one  ganglion,  frequently  passes  through  or  over  another  which  lie* 
in  its  course;  and  in  the  Articulata,  this  is  a  still  more  constant  occurrence. 
It  is  by  no  means  improbable,  then,  that  the  connection  of  the  intercostal 
nerves  is  really  in  part  with  the  grey  matter  of  the  medulla  oblongata;  at 
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any  rate,  such  a  connection  has  not  been  disproved.  The  white  columns 
of  the  Spinal  Cord  consist  of  fibres  which  bring  the  spinal  nerves  into  con- 
nection, not  only  with  the  brain,  but  also  with  other  segments  of  the  gan- 
gJiouic  portion  of  the  cord;  being  analogous  in  function,  not  only  to  the 
distinct  fibrous  tract  of  the  ventral  column  of  the  Articulata,  but  also  to  the 
fibrous  bands  that  connect  the  ganglia  themselves.  As  the  Medulla  Oblongata, 
in  Vertebrate  animals,  is  the  chief  centre  of  the  actions  of  Respiration,  it  can 
scarcely  be  doubted  that  all  the  nerves  concerned  in  that  function  have  a 
direct  structural  connection  with  it. 

186.  That  the  Respiratory  movements,  as  ordinarily  performed,   are 
essentially  independent  of  the  will,  appears  not  only  from  our  own  con- 
scioasness,  but  also  from  cases  of  paralysis;  in  some  of  which  the  power  of 
the  will  over  the  muscles  has  been  lost,  whilst  the  movements  have  been 
kept  up  by  the  reflex  action  of  the  medulla  oblongata  or  respiratory  ganglion; 
whilst  in  others,  some  of  the  respiratory  muscles  have  been  motionless 
during  ordinary  breathing,  and  yet  have  remained  under  the  power  of  the 
will.     Saeh  cases  are  mentioned  by  Sir  C.  Bell,  in  the  Appendix  to  his 
work  on  the  Nervous  System.     That  consciousness  is  not  a  necessary  link 
in  the  chain  of  causes  that  produce  the  respiratory  movements,  we  are 
enabled  to  judge  from  the  phenomena  presented  by  the  human  being  in  sleep 
and  coma,  by  anencephalous  foetuses,  and  by  decapitated  animals.    Further, 
Dr.  Ley*  has  put  on  record  a  case  which  confirms  this  particular  inference, 
just  in  the  same  manner  as  the  cases  already  related  confirm  the  general 
doctrine  of  the  non-existence  of  sensibility  in  the  Spinal  Cord.  He  had  under 
his  care  a  patient  in  whom  the  par  vagum  appeared  to  be  diseased;  the  lungs 
laflered  in  the  usual  way  in  consequence,  and  the  patient  had  evidently 
laborions  breathing;  but  he  distinctly  said  that  he  felt  no  uneasiness  in  his 
chest     The  experience  of  every  one  informs  him,  that  Respiratory  move- 
ments are  partly  under  the  control  and  direction  of  the  will,  though  fre- 
quently vnrestrainable  by  it.     In  ordinary  circumstances,  when  the  blood 
ii  being  perfectly  aerated,  and  there  is  a  sufficient  amount  of  arterial  blood 
in  the  system  to  carry  on  the  functions  of  life  for  a  short  time,  we  can  sus- 
pend the  respiratory  actions  during  a  few  seconds,  without  any  incon- 
venience. If,  however,  we  endeavour  to  prolong  the  suspension,  the  stimulus 
conveyed  by  the  excitor  nerves  to  the  medulla  oblongata  becomes  too  strong, 
and  we  cannot  avoid  making  inspiratory  efforts;  and  if  the  suspension  be 
Hill  fnrther  prolonged,  the  whole  body  becomes  agitated  by  movements 
which  are  almost  of  a  convulsive  nature;  and  no  effort  of  the  will  can  then 
prevent  the  ingress  of  air.t     It  is  easy  to  understand  why,  in  the  higher 
animals  at  least,  and  more  especially  in  Man,  the  respiratory  actions  should 
thus  be  placed  under  the  control  of  the  will,  since  they  are  subservient  to 
the  production  of  those  sounds  by  which  individuals  communicate  their 
feelings  and  desires  to  each  other,  and  which,  when  articulate,  are  capable 
of  so  completely  expressing  what  is  passing  in  the  mind  of  the  speaker.    If 
die  respiratory  muscles  of  Man  were  no  more  under  his  control  than  they 

^  On  Laryngismus  Stridulus,  p.  417. 

t  The  Author  has  heard  ii  slated,  though  he  knows  not  the  authority,  that  no  person 
erer  committed  suicide,  though  many  have  aliempied  lo  do  so,  by  simply  holding  ihe 
breath;  the  control  of  the  will  over  the  respiratory  muj>cles  not  being  sufficiently 
jreat  to  antagonize  the  stimulus  of  the  ''besoin  de  respirer,*'  when  this  has  become 
t^zravated  by  the  temporary  cessation  of  the  action.  But  such  persons  have  suc- 
cerded  better,  by  holding  the  face  beneath  the  .surface  of  water;  because  here  another 
•a  of  mu^les  is  called  into  action,  which  are  much  more  under  the  control  of  the 
»ill  than  arc  those  of  respiration;  and  a  strong  volition  applied  to  these  can  prevent 
tU  access  of  air  to  the  lungs,  however  violent  may  be  the  insjuratory  efforts. 
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appear  to  be  in  the  Insect  or  Molluscous  animal,  he  might  be  provided  with 
the  most  perfect  apparatus  of  speech,  and  yet  he  would  not  be  able  to  em- 
ploy it  to  any  advantage. 

187.  The  motor  power  of  the  respiratory  nerves  is  exercised,  however, 
not  only  on  the  muscles  which  perform  the  inspiratory  and  expiratory  move- 
ments, but  on  those  which  guard  the  entrance  to  the  wind-pipe,  and  also 
on  certain  other  parts.  The  movements  of  the  internal  respiratory  appa- 
ratus are  chiefly,  if  not  entirely,  effected  through  the  medium  of  the  motor 
fibres,  which  the  par  vagum  contains.  These  motor  fibres  exist  in  very 
different  amount  in  its  different  branches.  For  example,  the  pharyngeal 
and  (esophageal  branches,  by  which  (as  will  hereafter  appear)  the  muscles 
of  deglutition  are  excited  to  contraction,  possess  a  much  larger  proportion 
of  them,  and  exhibit  much  less  sensibility  when  irritated,  than  do  other 
divisions  of  the  trunk.  Between  the  superior  and  inferior  laryngeal  nerves, 
again,  there  is  an  important  difference,  which  anatomical  and  experimental 
research  have  now  very  clearly  demonstrated.  The  superior  laryngeal 
branch  is  almost  solely  an  afferent  nerve,  its  motor  endowments  being 
limited  to  the  crico-thyroid  muscle,  to  which  alone  of  all  the  muscles  its 
filaments  can  be  traced,  the  remainder  being  distributed  beneath  the  mucous 
surface  of  the  larynx.  The  sensibility  of  this  nerve  is  very  evident  when  it 
is  pinched  or  irritated  during  experiments  upon  it  On  the  other  hand, 
the  inferior  laryngeal  nerve  is  almost  entirely  one  of  motion,  as  is  shown 
by  its  very  slight  sensibility  to  injury,  its  nearly  exclusive  distribution  to 
muscles,  and  its  influence  in  exciting  contraction  of  these  when  its  separated 
trunk  is  stimulated. 

188.  It  has  long  been  known,  that  section  of  the  Par  Vagum  in  the  neck, 
above  the  inferior  laryngeals,  is  frequently  followed  by  suffocation,  resulting 
from  closure  of  the  glottis;  and  hence  it  has  been  inferred  that  the  office  of 
the  inferior  laryngeals  was  to  call  into  action  the  dilators  of  the  larynx, 
whilst  the  superior  laryngeals  were  supposed  to  stimulate  the  constrictors. 
This  view,  however,  is  incorrect.  It  is  inconsistent  with  the  results,  just 
stated,  of  anatomical  examination  into  the  respective  distribution  of  these 
two  trunks;  and  it  has  been  completely  overthrown  by  the  very  careful  and 
satisfactory  experiments  of  Dr.  J.  Reid,  which  have  established  that,  whilst 
the  inferior  laryngeal  is  the  motor  nerve  of  nearly  all  the  laryngeal  mnscleSy 
the  superior  laryngeal  is  the  excitor  or  afferent  nerve,  conveying  to  the  me- 
dulla oblongata  the  impressions  by  which  muscular  movements  ^re  excited* 
It  has  been  ascertained  by  Dr.  R.  that,  if  the  inferior  laryngeal  branches  ba 
divided,  or  the  trunk  of  the  par  vagum  be  cut  above  their  origin  from  it, 
there  is  no  constriction  of  the  glottis,  but  a  paralyzed  state  of  its  mnsciet. 
After  the  first  paroxysm  occasioned  by  the  operation,  a  period  of  quiescence 
and  freedom  from  dyspnoea  often  supervenes,  the  respirations  being  per- 
formed with  ease  so  long  as  the  animal  remains  at  rest;  but  an  unusual  re- 
spiratory movement,  such  as  takes  place  at  the  commencement  of  a  struggle, 
induces  immediate  symptoms  of  suffocation,  the  current  of  air  carrying 
inwards  the  arytenoid  cartilages,  which  are  rendered  passive  by  the  pam- 
lyzcd  state  of  their  muscles;  and  these,  falling  upon  the  opening  of  the 
glottis  like  valves,  obstruct  the  entrance  of  air  into  the  lungs.  The  more 
efl^ort  is  made,  the  greater  will  be  the  obstruction;  and  accordingly,  it  is 
generally  necessary  to  counteract  the  tendency  to  suffocation,  when  it  is 
desired  to  prolong  the  life  of  the  animal  after  this  operation,  by  making  an 
opening  into  the  trachea.  Dr.  Reid  further  ascertained,  that  the  applicatioa 
of  a  stimulus  to  the  inferior  laryngeal  nerves,  when  separated  from  the  trunk« 
would  occasion  distinct  muscular  contractions  in  the  larynx;  whilst  a  cor* 
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responding  stimulus  applied  to  the  superior  laryngeal  occasioned  no  muscu- 
lar movement,  except  in  the  crico-thyroid  muscle.  But  when  the  superior 
laryngeals  were  entire,  irritation  of  the  mucous  surface  of  the  larynx,  or  of 
the  trunks  themselves,  produced  contraction  of  the  glottis  and  efforts  to 
cough;  effects  which  were  at  once  prevented  by  dividing  those  nerves,  and 
thereby  cutting  off  their  communication  with  the  medulla  oblongata.  There 
can  be  no  doubt,  then,  that  the  superior  and  inferior  laryngeal  branches 
constitute  the  circle  of  incident  and  motor  nerves  by  which  the  aperture  of 
the  glottis  is  governed,  and  by  which  any  irritation  of  the  larynx  is  made  to 
close  the  passage,  so  as  to  prevent  the  entrance  of  improper  substances; 
whilst  the  superior  laryngeal  nerve  also  excites  the  muscles  of  expiration, 
so  as  to  cause  the  violent  ejection  of  a  blast  of  air,  by  which  the  offending 
gas,  fluid,  or  solid,  may  be  carried  off.  The  effect  of  carbonic  acid  in 
causing  spasmodic  closure  of  the  glottis  is  well  known,  and  affords  a  beau- 
tiful example  of  the  protective  character  of  this  system  of  nerves. 

189.  The  mucous  surface  of  the  trachea  and  bronchi  appears,  from  the 
experiments  of  Valentin,  to  be  endowed  with  impressibility,  so  that  stimuli 
applied  to  it  produce  expiratory  movements;  and  this  evidently  operates 
through  the  branches  of  the  par  vagum  distributed  upon  the  membrane. 
Here*  as  elsewhere,  we  find  that  a  stimulus  applied  to  the  surface  has  a 
much  more  decided  influence  than  irritation  of  the  trunk  of  the  nerve  sup- 
plying it  Valentin  has  succeeded  in  producing  distinct  contractions  of  the 
rings  of  the  trachea,  by  irritating  the  par  vagum  in  the  rabbit;  and  he  thinks 
it  probable  that  a  similar  action  might  be  induced  in  the  bronchi  and  their 
ramifications;  but  this  he  has  not  succeeded  in  procuring.  The  phenomena 
of  asthma,  however,  leave  little  room  for  doubt,  that  spasmodic  contraction 
of  the  air  passages  takes  place  as  a  reflex  action,  excited  by  various  causes; 
and  no  other  nerve  but  the  par  vagum  can  be  concerned  in  producing  it. 

190.  The  influence  of  the  Spinal  cord,  and  of  its  system  of  nerves,  on 
the  movements  of  Respiration,  affords  an  excellent  example  of  the  import- 
ance of  this  organ,  as  supplying  the  conditions  immediately  requisite  for  the 
maintenance  of  the  organic  functions.     We  have  seen  that,  strictly  speak- 
ing, the  act  of  Respiration,  as  we  commonly  understand  it,  is  not  Respira- 
tion itself;  for  this  consists  in  the  interchange  of  ingredients  between  the 
blood  and  the  surrounding  medium,  which  is  effected  in  the  air-cells  of  the 
longs,  and  which  takes  place  in  the  lower  animals  (as  in  plants)  without  any 
■oscular  effort.     But,  in  proportion  to  the  necessity  for  the  energetic  excr- 
ciic  of  this  function,  do  we  find  a  special  provision  in  the  higher  classes,  for 
ifae  constant  renewal  of  that  portion  of  the  surrounding  medium  which  is  in 
contact  with  the  aerating  surface;  and  this  comes  to  be  so  necessary,  that 
asphyxia  might  be  produced,  without  any  interruption  to  the  ingress  of 
air  through  the  trachea,  by  merely  breaking  the  circle  of  nervous  action 
ihfough  which  the  movements  of  Respiration  are  effected.    It  is  an  interest- 
ing circumstance,  however,  which  shows  the  provision  made  in  the  animal 
feme  to  meet  its  necessities,  that  a  very  small  portion  only  of  the  nervous 
^sentres  is  involved  in  this  action;  and  tliat,  even  in  the  highest  Animals,  all 
^he  rest  may  be  removed,  or  may  be  rendered  functionally  inactive,  without 
cdieeking  it.     This  fact,  which  was  ascertained  by  Legallois,  harmonizes 
"^fell  with  that  which  comparative  anatomy  has  brought  under  our  notice; 
fcrithas  been  shown  that,  in  the  lowest  group  of  Mollusca,  but  a  single 
ganglion  exists;  and  that  this  is  almost  exclusively  concerned  in  regulating 
^2he  entrance  and  egress  of  the  currents  of  water,  the  most  constant  office  of 

which  is  the  aeration  of  the  blood  (§  133). 
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Deglutition  and  Defecation, 

191.  Another  very  important  function  of  the  Spinal  Cord  (and  of  the 
ganglia  corresponding  to  it  in  the  Invertebrata),  is  the  control  which  it 
exercises  over  the  entrance  and  termination  of  the  Alimentary  Canal;  and 
this  reflex  action  might  probably  be  traced  in  some  animals,  in  which  the 
necessity  for  that  already  described  does  not  exist.  In  all  beings  which 
are  unequivocally  of  an  animal  character,  a  stomach  or  digestive  cavity 
exists;  and  a  means  must  be  provided  for  the  introduction  of  food  into  it. 
This  is  partly  provided  for  by  the  power  with  which  its  entrance  is  endowed, 
of  contracting,  and  of  attempting  to  draw  inwards  whatever  comes  in  con- 
tact with  it,  as  we  may  readily  observe  in  the  Star-Fish,  or  Sea-Anemone, 
where  the  mouth  is  simply  the  aperture  of  the  stomach.  From  the  analogy 
of  the  higher  animals,  as  well  as  from  what  has  been  observed  in  the  lower, 
it  seems  probable  that  this  action  is  of  a  reflex  character,  depending  upon 
an  impression  conveyed  to  the  nervous  centres,  and  reflected  back  to  the 
muscular  fibres.  But  we  almost  always  find  some  more  special  apparatus 
than  this,  for  bringing  food  within  reach  of  the  orifice  of  the  stomach.  In 
the  Sea-Anemone,  the  Hydra,  and  other  Polypes,  for  example,  we  find  that 
aperture  surrounded  by  tentacula,  which  have  an  evident  tendency  to  lay 
hold  of  any  thing  that  touches  them,  so  as  to  bring  it,  by  their  contraction, 
within  reach  of  the  muscles  immediately  surrounding  the  orifice.  This  is 
just  the  purpose  of  the  pharyngeal  muscles  of  Man.  The  lower  part  of  the 
oesophagus,  near  its  termination  in  the  stomach,  has  the  same  simple  ten* 
dency  to  contraction  from  above  downwards  (so  as  to  convey  into  the 
stomach  any  thing  which  is  brought  within  its  reach)  as  have  the  rausclet 
surrounding  the  mouth  of  tlie  Polype;  but  there  is  need  of  some  more 
complex  apparatus,  for  the  purpose  of  laying  hold  of  the  food,  and  of  con- 
ducting it  into  its  grasp.  This  is  provided  for,  in  the  higher  animals,  in 
the  muscles  of  that  funnel-like  entrance  to  the  cesophagus,  which  is  called 
the  pharynx.  The  actions  of  these  are  most  distinctly  reflex;  and  it  iff 
interesting  to  remark,  that  the  movements  can  neither  be  caused  nor  con- 
trolled by  the  direct  influence  of  the  will.  In  the  case  of  the  movements 
of  respiration,  we  found  a  suflicient  provision  made  for  their  constant  main- 
tenance; and  yet,  for  secondary  purposes,  they  were  placed  in  a  considerable 
degree  under  the  control  of  the  brain.  But  here  there  are  no  secondary 
purposes  to  be  answered;  the  introduction  into  the  stomach  of  food  brought 
by  the  will  within  reach  of  the  pharyngeal  muscles,  is  the  only  object  con- 
templated by  them;  and  they  are  accordingly  placed  under  the  sole  govern- 
ment of  the  Spinal  Cord.  No  attempts,  on  our  own  part,  will  succeed  in 
producing  a  really  voluntary  act  of  deglutition.  In  order  to  excite  it,  we 
must  supply  some  stimulus  to  the  fauces.  A  very  small  particle  of  solid 
matter,  or  a  little  fluid,  (saliva,  for  instance,)  or  the  contact  of  the  back  of 
the  tongue  itself,  will  be  suflficient;  but  without  either  of  these,  we  cannot 
swallow  at  will.  Nor  can  we  restrain  the  tendency,  when  it  is  thus  excited 
by  a  stimulus;  every  one  knows  how  irresistible  it  is,  when  the  fauces  are 
touched  in  any  unusual  manner;  and  it  is  equally  beyond  the  direct  contrcd 
of  the  will,  in  the  ordinary  process  of  eating, — voluntary  as  we  commonly 
regard  this.  The  only  mode  in  which  the  will  can  influence  it,  is  by  regu- 
lating the  approach  of  the  stimulus  necessary  to  excite  it;  thus,  we  volun- 
tarily bring  a  morsel  of  food,  or  a  little  fluid,  into  contact  with  the  surface 
of  the  fauces,  and  an  act  of  deglutition  is  then  involuntarily  excited;  or  we 
may  voluntarily  keep  all  stimulus  at  a  distance,  and  no  effort  of  the  will  can 
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then  induce  the  action.  Moreover,  this  action  is  performed,  like  that  of 
respiration,  when  the  power  of  the  will  is  suspended,  as  in  profound  sleep, 
or  in  apoplexy  aflecting  only  the  brain;  and  it  does  not  seem  to  be  at  all 
affected  by  the  entire  removal  of  the  brain  in  an  animal  that  can  sustain  the 
shock  of  the  operation;  being  readily  excitable,  on  stimulating  the  fauces, 
so  long  as  the  nervous  structure  retains  its  functions.  This  has  been  experi- 
mentally proved  by  Dr.  M.  Hall;  and  it  harmonizes  with  the  natural  experi- 
ment sometimes  brought  under  our  notice  in  the  case  of  an  anencephalous 
infant,  in  which  the  power  of  swallowing  seems  as  vigorous  as  in  the  perfect 
ooe.  But,  if  the  nervous  circle  be  destroyed,  either  by  division  of  the 
trunks,  or  by  injury  of  any  kind  to  the  portion  of  the  nervous  centres  con- 
nected with  them,  the  action  can  no  longer  be  performed;  and  thus  we  see 
that,  when  the  effects  of  apoplexy  are  extending  themselves  from  the  brain 
to  the  spinal  cord,  whilst  the  respiration  becomes  stertorous,  the  power  of 
Deglutition  is  lost,  and  then  respiration  also  speedily  ceases. 

192.  Our  knowledge  of  the  nerves  specially  concerned  in  this  action  is 
principally  due  to  the  very  careful  and  well-conducted  experiments  of  Dr. 
J.  Reid.*  The  distribution  of  the  Glosso-Pharyngeal  evidently  points  it 
out  as  in  some  way  connected  with  it;  and  Sir  G.  Bell,  misled  by  imperfect 
knowledge  of  its  anatomy,  pronounced  it  to  be  a  muscular  nerve,  whose 
function  was  to  perform  the  combined  movements  of  the  tongue  and  pha- 
rynx, which  are  required  for  deglutition,  and  also  in  some  acts  of  respira- 
tion. He  was  not  aware  that  such  a  combination  of  movements  may  be  due 
u  much  to  the  excitor  nerve,  and  to  its  termination  in  the  Spinal  Cord,  as 
to  the  motor,  and  its  particular  distribution  to  muscles.  The  function  of 
the  Glosso-Pharyngeal  nerve  has  been  for  some  time  one  of  the  qumstiones 
tixaim  of  physiology;  and  the  results  obtained  by  different  experimenters 
are  so  strangely  at  variance,  as  almost  to  lead  to  the  belief  that  they  have 
operated  on  different  nerves.  In  this  dilemma,  we  may  advantageously 
hare  recourse  to  anatomical  examination  of  its  distribution;  and  this,  when 
carefully  conducted,  discloses  the  important  fact,  that  the  nerve  scarcely 
sends  any  of  its  branches  to  the  muscles  which  they  enter;  but  that  these 
mostly  pass  through  them,  to  be  distributed  to  the  superjacent  mucous  sur- 
face of  the  tongue  and  fauces.  Further,  when  the  trunk  is  separated  from 
the  nervous  centres,  irritation  scarcely  ever  produces  muscular  movements. 
Hence  it  is  not  an  efferent  or  motor  nerve,  in  any  great  degree;  and  its  dis- 
tribntion  would  lead  us  to  suppose  its  function  to  be,  the  conveyance  of  im- 
pressions from  the  surface  of  the  fauces  to  the  medulla  oblongata.  This 
inference  is  fully  confirmed  by  the  fact  that,  so  long  as  its  trunk  is  in  con- 
nection with  the  medulla  oblongata,  and  the  other  parts  are  uninjured, 
pinching,  or  other  severe  irritation  of  the  glosso-pharyngeal,  will  excite 
distinct  acts  of  deglutition.  Such  irritation,  however,  may  excite  only  con- 
vulsive twitches,  instead  of  the  regular  movements  of  swallowing;  and  it  is 
evident  that,  here  as  elsewhere,  the  impressions  made  upon  the  extremities 
of  the  nerves  are  much  more  powerful  excitors  of  reflex  movement,  than 
those  made  upon  the  trunk,  though  the  latter  are  more  productive  of  pain. 
It  was  further  observed  by  Dr.  Reid,  that  this  effect  was  produced  by  pinch- 
ing the  pharyngeal  branches  only;  no  irritation  of  the  lingual  division  being 
effectual  to  the  purpose. 

193.  If,  then,  the  muscles  of  deglutition  are  not  immediately  stimulated 
to  contraction  by  the  glosso-pharyngeal  nerve,  it  remains  to  be  inquired,  by 
vhai  nenre  the  motor  influence  is  conveyed  to  them  from  the  medulla 
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oblongata;  and  Dr.  Reld  has  been  equally  successful  in  proving,  that  this 
function  is  performed  by  the  pharyngeal  branches  of  the  Par  Vagum. 
Anatomical  examination  of  their  distribution  shows,  that  they  lose  them- 
selves  in  the  muscles  of  the  pharynx;  and  whilst  no  decided  indications  of 
suffering  can  be  produced  by  irritating  them,  evident  contractions  are  occa- 
sioned when  the  trunk,  separated  from  the  brain,  is  pinched  or  otherwise 
stimulated.  It  appears,  however,  that  neither  is  the  Giosso-Pharyngeal  the 
sole  excitor  nerve,  nor  are  th#  pharyngeal  branches  of  the  Par  Vagum 
the  sole  motor  nerves,  concerned  in  deglutition;  for  after  the  former  has 
been  perfectly  divided  on  each  side,  the  usual  movements  can  still  be  ex- 
cited, though  with  less  energy;  and,  after  the  latter  have  been  cut,  the  animal 
retains  the  means  of  forcing  small  morsels  through  the  pharynx,  by  the 
action  of  the  muscles  of  the  tongue  and  neck.  From  a  careful  examination 
of  the  actions  of  deglutition,  and  of  the  influence  of  various  nerves  upon 
them.  Dr.  Reid  draws  the  following  conclusions: — The  impressions  are 
conveyed  to  the  medulla  oblongata  chiefly  through  the  Glosso-Pharyngeal, 
but  also  along  the  branches  of  the  Fifth  pair  distributed  upon  the  fauces, 
and  probably  along  the  branches  of  the  Superior  Laryngeal  distribtited  upon 
the  pharynx.  The  motor  influence  passes  chiefly  along  the  pharyngeal 
branches  of  the  Vagus;  along  the  branches  of  the  Hypoglossal,  distributed 
to  the  muscles  of  the  tongue,  and  to  the  sterno-hyoid,  sterno- thyroid,  and 
thyro-hyoid  muscles;  along  the  motor  filaments  of  the  Recurrents,  ramifying 
upon  the  larynx;  along  some  of  the  branches  of  the  Fifth,  supplying  the 
elevator  muscles  of  the  lower  jaw;  along  the  branches  of  the  Portio  Dura 
ramifying  upon  the  digastric  and  stylo-hyoid  muscles,  and  upon  the  muscles 
of  the  lower  part  of  the  face;  and  probably  along  some  of  the  branches  of 
the  Cervical  plexus,  which  unite  themselves  to  the  descendens  noni. 

194.  IfVhen  the  food  has  been  propelled  downwards  by  the  pharyngeal 
muscles  as  far  as  their  action  extends,  its  further  progress  through  the  (eso- 
phagus is  effected  by  the  peristaltic  movement  of  the  muscular  coat  of  the 
tube  itself.  This  movement  is  not,  however,  due  to  the  direct  stimulus  of 
the  muscular  fibre  by  the  pressure  of  the  food,  as  it  seems  to  be  in  the 
lower  part  of  the  alimentary  canal;  for  Dr.  J.  Reid  has  found,  by  repeated 
experiment,  that  the  continuity  of  the  oesophageal  branches  of  the  Par  Va- 
gum with  the  Spinal  Cord,  is  necessary  for  the  propulsion  of  the  food;  so 
that  it  can  scarcely  be  doubted,  that  an  impression  made  upon  the  mucous 
surface  of  the  (esophagus,  conveyed  by  the  afferent  fibres  of  these  nerves  to 
the  Medulla  Oblongata,  and  reflected  downwards  along  the  motor  fibres,  is 
the  real  cause  of  the  muscular  contraction.  If  the  Par  Vagum  be  divided 
in  the  rabbit,  on  each  side,  above  the  oesophageal  plexus,  but  below  the 
pharyngeal  branches,  and  the  animal  be  then  fed,  it  is  found  that  the  food 
is  delayed  in  the  oesophagus,  which  becomes  greatly  distended,  and  that  no 
more  passes  into  the  stomach  than  is  absolutely  forced  down  by  the  con- 
tractions of  the  pharynx  above.  Further,  if  the  lower  extremity  of  the  par 
vagum  be  irritated,  distinct  contractions  are  seen  in  the  oesophageal  tube, 
proceeding  from  above  downwards,  and  extending  over  the  cardiac  extre- 
mity of  the  stomach.  We  have  here,  then,  a  distinct  case  of  reflex  action 
without  sensation,  occurring  as  one  of  the  regular  associated  movements 
in  the  natural  condition  of  the  animal  body;  and  it  is  very  interesting  to 
find  this  following  upon  a  reflex  action  with  sensation  (that  of  the  pharynx), 
and  preceding  an  action  which  is  altogether  unconnected  with  the  Spinal 
Cord  (that  of  the  lower  part  of  the  alimentary  canal).  The  use  of  sensa- 
tion in  the  former  case  will  presently  appear.  It  is  by  no  means  impos- 
sible, however,  that  the  muscular  fibres  of  the  oesophagus  may  be  alao 
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excitable,  though  usually  in  a  less  degree,  by  direct  stimulation;  for  it  appears 
that,  in  some  animals  (the  Dog,  for  example),  section  of  the  pneumogastric 
does  not  produce  that  check  to  the  propulsion  of  the  food,  which  it  occasions 
in  the  Rabbit.*  Moreover,  there  are  many  cases  in  which  no  such  excita- 
bility manifests  itself  in  the  ordinary  condition  of  the  system,  but  in  which 
it  becomes  evident  when  the  muscular  structure  has  gained  an  increase  of 
irritability  by  diseased  action,  as  we  frequently  have  to  notice  in  the  intes- 
tinal canal.  For  example; — in  many  cases  of  disease  or  injury  of  the  Spinal 
Cord,  the  bladder  ceases  to  expel  its  contents,  through  the  interruption  of 
the  circle  of  reflex  actions  hereafter  to  be  described;  but,  after  a  time,  it 
ceases  to  become  necessary  to  draw  off  the  urine  by  the  catheter;  for  the 
fluid  is  constantly  expelled,  as  soon  as  it  has  accumulated  in  small  quanti- 
ties. In  snch  cases,  the  mucous  coat  is  found  after  death  to  be  thickened 
and  inflamed;  and  the  muscular  coat  is  greatly  increased  in  strength,  and 
contracted  apon  itself.  Here,  then,  the  muscular  coat,  which  is  not  excited 
to  contraction  as  long  as  the  mucous  coat  is  in  a  healthy  condition,  acquires 
a  degree  of  abnormal  irritability,  which  is  suflicient  to  enable  it  of  itself  to 
expel  the  urine;  but  this  could  not  be  the  case,  unless  it  had  originally  been 
possessed  of  independent  contractility.  Hence,  therefore,  the  ordinary  pro- 
vision for  the  peristaltic  movements  of  the  cesophagus,  through  the  nervous 
systeiDy  does  not  disprove  the  view,  which  other  circumstances  render  pro- 
bable, that  they  may  be  also  performed  through  the  direct  contractility  of 
the  mnscular  fibres  of  the  cesophagus. 

195.  It  will  be  desirable  here  to  revert  for  a  short  time  to  the  actions  which, 
in  the  higher  animals,  precede  those  of  Deglutition.     There  can  be  no 
doabt  that,  in  the  Human  being,  the  motions  adapted  to  the  ingestion  and 
mastication  of  aliment  originally  result,  in  part  at  least,  from  distinct  opera- 
tions of  the  will;  but  it  would  appear  almost  equally  certain  that,  in  time, 
they  come  to  be  of  so  habitual  a  character,  that  the  will  only  exerts  a  gene- 
ral controlling  influence  over  them,  each  individual  act  being  excited  through 
the  shorter  channel  already  alluded  to  (§  183).     Every  one  is  conscious 
that  the  act  of  mastication  may  be  performed  as  well,  when  the  mind  is 
attentively  dwelling  on  some  other  object,  as  when  it  is  directed  to  it;  but, 
in  the  former  case,  one  is  rather  apt  to  go  on  chewing  and  rechewing  what 
is  already  fit  to  be  swallowed,  simply  because  the  will  does  not  exert  itself 
to  check  the  action,  and  to  carry  the  food  backwards  within  the  scope  of 
the  muscles  of  deglutition.    We  now  see  why  sensation  should  be  associated 
with  the  latter  process.     The  conveyance  of  food  backwards  to  the  fauces 
is  a  distinctly  voluntary  act;  and  it  is  necessary  that  it  should  be  guided  by 
the  sensation  there  produced  by  the  contact  which  it  induces.     If  the  sur- 
face of  the  pharynx  were  as  destitute  of  sensation  as  is  the  lower  part  of  the 
(esophagus,  we  should  not  know  when  we  had  done  what  was  necessary  to 
excite  its  muscles  to  operation.     The  muscles  concerned  in  the  Mastication 
of  food  are  nearly  all  supplied  by  the  third  branch  of  the  Fifth  pair,  a  large 
proportion  of  which  is  well  known  to  have  a  motor  character.     Many  of 
these  muscles,  especially  those  of  the  cheeks,  are  also  supplied  by  the  portio 
dura  of  the  Seventh;  and  yet,  if  the  former  be.  paralyzed,  this  cannot  stimu- 
late them  to  the  necessary  combined  actions.    Hence  we  see  that  the  move- 
ments are  of  an  associated  character,  their  due  performance  being  dependent 
on  the  part  of  the  nervous  centres  from  which  the  motor  influence  origi- 

•  II  b  possible  that  this  may  be  due  lo  the  fact,  that  the  par  vaurum  anastomoses 
with  the  sympathetic  at  the  upper  pan  of  the  neck,  more  freely  in  the  Doj?,  than  in  the 
Rabbit  and  many  other  animals;  so  that  the  influence  of  the  oesophageal  nerves  may 
be  propagated  through  the  sympathetic,  when  the  trunk  of  the  par  vagum  is  divided. 
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nates.  If  the  Fifth  pair,  on  the  other  hand,  be  uninjured,  whilst  the  Seventh 
is  paralyzed,  the  movements  of  Mastication  are  performed  without  difhculty; 
whilst  those  connected  in  any  way  with  the  Respiratory  function,  or  with 
Expression,  are  paralyzed. 

196.  Comparative  anatomy  supplies  us  with  the  key  to  the  explanation 
of  these  phenomena.  It  has  been  seen  that,  in  the  lower  animals,  the 
Respiratory  organs  are  completely  unconnected  with  the  mouth,  and  that 
a  very  distinct  set  of  muscles  is  provided  to  keep  them  in  action.  These 
muscles  have  distinct  ganglia  as  the  centres  of  their  operations;  and  these 
ganglia  are  only  connected  indirectly  with  those  of  the  sen sori- volitional 
system.  The  same  would  appear  to  be  the  case,  in  regard  to  the  introduc- 
tion of  the  food  into  the  digestive  apparatus.  It  has  been  shown^  that  the 
muscles  concerned  in  this  operation  have  their  own  centres, — the  stomato- 
gastric  and  pharyngeal  ganglia, — which  are  not  very  closely  connected  with 
the  cephalic,  or  with  the  respiratory,  or  with  those  of  general  locomotion. 
Now  in  the  Vertebrata,  the  distinct  organs  have  been  so  far  blended  toge- 
ther, that  the  same  muscles  serve  the  purposes  of  both;  but  the  different  sets 
of  movements  of  these  muscles  are  excited  by  different  nerves;  and  the  effect 
of  division  of  either  nerve  is  to  throw  the  muscle  out  of  connection  with  the 
function  to  which  that  nerve  previously  rendered  it  subservient,  as  much  as 
if  the  muscle  were  separated  from  the  nervous  system  altogether.  There 
is  an  apparent  exception  to  this  view  of  the  matter,  in  the  case  of  the  portio 
dura;  this  being  the  source  of  those  movements  of  the  upper  lip,  which,  in 
many  animals,  are  essential  to  the  prehension  of  food.  These  movements, 
however,  are  dependent  upon  sensations  conveyed  through  the  fifth  pair,* 
being  completely  checked  by  division  of  its  infra-orbital  trunk;  and  it  can 
scarcely  be  doubted,  from  their  general  character,  that  they  are  of  a  strictly 
voluntary  nature,  and  are  not  to  be  regarded  as  part  of  the  reflex  associated 
movements  in  which  that  nerve  is  concerned. 

197.  Now  although,  in  the  adult  Human  being,  the  movements  required 
to  convey  the  food  to  the  pharynx  are  under  the  control  of  the  will,  if  not 
constantly  dependent  upon  it,  there  is  good  reason  to  believe  that  this  is 
not  the  case  in  regard  to  those  remarkable  associated  movements,  which 
constitute  the  act  of  suction  in  the  Infant.  The  experiments  provided  for 
us  by  Nature,  in  the  production  of  anencephalous  monstrosities,  fully  prove 
that  the  nervous  connection  of  the  lips  and  Respiratory  organs  with  the 
Spinal  Cord  is  alone  sufficient  for  its  execution;  and  Mr.  Grainger  }ias 
sufficiently  established  the  same,  by  experiment  upon  puppies  whose  brain 
had  been  removed.  He  adds  that,  as  one  of  the  puppies  lay  on  its  side, 
sucking  the  finger  which  was  presented  to  it,  it  pushed  out  its  feet  in  the 
same  manner  as  young  pigs  exerts  theirs  against  the  sow's  dugs.  On  the 
whole,  however,  the  act  of  suction  belongs  more  to  the  Respiratory  ganglion 
(so  to  speak)  than  to  the  Stomato-gastric  system  of  nerves,  and  hence  we 
can  understand  why,  even  in  the  highest  animals,  it  should  be  purely  in- 
stinctive, the  movements  of  respiration  being  so  from  the  first,  whilst  those 
ordinarily  concerned  at  a  later  period  in  the  ingestion  of  the  food  are  more 
directed  by  the  will.  The  actions  of  the  mammary  foetus  of  the  kangaroo* 
described  by  Mr.  Morgan,  furnish  a  very  interesting  exemplification  of  the 
same  function  of  the  spinal  cord;  this  creature,  resembling  an  earth-womi 

•  Hence  originated  one  of  Sir  C.  Bell's  early  errors.  He  found  that  an  Siss,  in 
which  ihe  infra-orbital  branch  of  the  fifth  was  divided,  would  not  pick  up  oau?  with 
its  Up,  although  they  were  in  contact  with  it;  hence  he  concluded  that  its  power  of 
motion  was  destroyed,  when  it  was  in  reality  only  the  sensation  necessary  to  excite 
the  will  to  cause  the  motion,  that  was  deficient. 
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in  appearance,  and  only  about  fourteen  lines  in  length,  with  a  brain  corre- 
sponding in  degree  of  development  to  that  of  a  human  foetus  of  the  ninth 
week,  executes  regular,  but  slow,  movements  of  respiration,  adheres  firmly 
to  the  point  of  the  nipple,  and  moves  its  limbs  when  disturbed.  The  milk 
is  forced  into  the  (esophagus  by  a  compressor  muscle,  with  which  the 
mamma  of  the  parent  is  provided.  **  Can  it  be  imagined,'*  very  justly  asks 
Mr.  Grainger,  *'  that  in  this  case  there  are  sensation  and  volition,  in  what 
can  be  proved  anatomically  to  be  a  foetus?'* 

198.  We  now  return  to  the  question  of  the  influence  of  the  Spinal  Cord 
npon  the  lower  part  of  the  alimentary  canal.     It  has  been  already  stated, 
that  the  motor  function  of  the  Par  Vagum  appears  to  terminate  at  different 
points  in  different  animals;  and  this  may  in  part  explain  the  great  variety 
in  the  resnlts  obtained  by  different  experimenters,  in  regard  to  the  effect  of 
section  of  the  par  vagum  upon  the  function  of  digestion.     Valentin  agrees 
with  Dr.  Reid  in  stating,  that  distinct  movements  of  the  stomach  may  be 
exeited  in  the  rabbit  by  irritation  of  the  par  vagum;  and  he  adds,  as  a  pre- 
cantion,  that  the  experiment  should  be  performed  very  soon  af\er  death,  as 
the  irritability  of  the  stomach  is  soon  lost;  and  that  the  stimulation  of  the 
nerve  afaofold  not  be  performed  too  high  up,  but  rather  in  the  lower  part  of 
the  neck,  or  in  the  thorax.     Various  experiments  upon  living  animals  have 
led  to  the  belief,  that  the  motions  of  the  muscular  parietes  of  the  stomach, 
which  perform  a  very  important  part  in  chymification,  are  due  to  the  influ- 
ence of  this  nerve;  food  taken  in  shortly  before  or  subsequently  to  its  divi- 
sion, having  been  found  to  be  only  dissolved  on  the  surface  of  the  mass, 
where  it  was  in  contact  with  the  mucous  membrane.     But  these  experi- 
ments have  been  made  for  the  most  part  upon  herbivorous  animals,  such  as 
horses,  asses,  and  rabbits,  whose  food  is  bulky  and  difficult  of  solution,  re- 
qairing  to  be  constantly  changed  in  its  position,  so  that  every  part  of  it  may 
be  snccessively  brought  to  the  exterior.  On  the  other  hand,  Dr.  Reid  found, 
in  his  experiments  upon  dogs,  that,  after  the  first  shock  of  the  operation  had 
gone  off,  solution  of  the  food  in  the  stomach,  and  absorption  of  chyle,  might 
take  place;  and  hence  that  no  influence  of  this  nerve  upon  the  muscular 
parietes  of  the  stomach  is  essential  to  digestion  in  that  species.     This  con- 
dosion  harmonizes  well,  therefore,  with  the  fact  already  stated  respecting 
the  absence  of  such  influence  in  the  lower  part  of  its  cesophagus;  and  it  may, 
perhaps,  be  explained  by  the  consideration,  that  the  natural  food  of  the  dog 
ii  much  less  bulky  and  more  easy  of  solution  than  that  of  the  animals  already 
Bamed;  so  that  there  is  not  so  much  need  of  the  peculiar  movement,  which 
ii  in  them  so  important  an  aid  to  the  process  of  reduction. 

199.  In  regard  to  the  functions  of  the  afferent  portion  of  the  gastric 
fannehes  of  the  Par  Vagum,  there  has  also  been  considerable  difference  of 
opinion;  some  physiologists  maintaining  that  it  is  by  impressions  on  them 
tkme  that  the  sense  of  Hunger  or  satiety  is  occasioned;  whilst  others  deny 
that  it  has  any  power  of  transmitting  such  impressions,  and  maintain  that 
tbey  do  not  originate  in  the  stomach  at  all.  Dr.  Reid  has  arrived  at  the 
eoiielasion,  from  his  numerous  experiments,  that  the  par  vagum  is  the  chan- 
kI  through  which  the  mind  becomes  cognizant  of  the  condition  of  the 
itomach;  but  that  it  is  not  the  sole  exciter  of  the  sense  of  hunger.  Animals 
which  have  sustained  section  of  the  nerve  on  both  sides,  will  eagerly  take 
fcod,  if  they  have  not  received  too  great  a  shock  from  the  operation;  but 
•key  seem  to  experience  no  feeling  of  satiety  when  the  stomach  is  loaded. 
This  inference  is  confirmed  by  Valentin,  who  mentions  that  puppies  after 
^  operation  will  take  three  times,  and  even  more,  the  same  quantity  of 

['feUk  as  uninjured  individuals  of  the  same  age;   so  that  the  abdomen  is 
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greatly  distended.  The  other  sources  of  the  sense  of  hunger  will  be  here- 
after considered.  The  act  of  Vomiting  has  been  now  sufficiently  shown  to 
be  excitable  through  the  par  vagum;  an  impression  propagated  through  which 
to  the  Medulla  Oblongata,  excites  to  contraction  a  considerable  number  of 
muscles.  But,  as  in  the  case  of  hunger,  although  the  sense  of  nausea  and 
the  tendency  to  vomit  may  be  excited  by  various  irritating  causes  operating 
through  this  nerve  only,  it  may  be  produced  also  through  other  channels. 
Thus  severe  vomiting  has  been  excited  by  the  injection  of  a  solution  of  tartar 
emetic  or  of  emetin  into  the  blood-vessels — a  fact  of  which  it  has  been  pro- 
posed to  take  advantage  in  extreme  cases  of  narcotic  poisoning,  when  the 
nervous  system  has  become  so  torpid,  that  emetics  administered  in  the 
ordinary  manner  are  of  no  avail.  (See  §  300.) 

200.  That  the  ordinary  peristaltic  movements  of  the  intestinal  canal, 
from  the  stomach  to  the  rectum,  may  take  place  without  any  connection 
with  the  nervous  system,  being  due  to  the  direct  stimulation  of  the  contact 
of  food,  there  is  now  ample  evidence;  and  though  some  may  still  be  found 
who  deny  the  Hallerian  doctrine,  that  muscular  fibre  possesses  in  itself  the 
property  of  contractility,  so  much  additional  evidence  of  its  truth  has  beea 
recently  adduced,  whilst  the  fact  itself  is  so  conformable  to  the  analogy 
supplied  by  others,  that  it  will  be  here  unhesitatingly  adopted.  (See  Chapter 
V.)  Mr.  Grainger  and  some  other  physiologists  have  supposed,  that  the 
peristaltic  movements  of  the  alimentary  canal  are  due  to  a  sort  of  reflex 
action,  taking  place  through  the  ganglia  of  the  sympathetic  system  of  nerves, 
especially,  of  course,  the  semilunar.  This  supposition,  however,  has  little 
or  no  evidence  to  support  it;  for  it  has  been  fully  proved  that  the  muscular 
contractions  will  continue  long  after  the  tube  has  been  separated  from  its 
nervous  connections  through  its  whole  extent;  and  the  only  evidence  in 
its  favour  is  derived  from  the  contractions  which  may  sometimes  be  induced 
in  parts  of  the  tube  which  are  at  rest,  when  the  sympathetic  nerves  supply- 
ing them  are  irritated.  Some  very  interesting  experiments  have  been  re- 
cently published  by  Valentin,  by  which  the  fact  that  such  contractions  may 
be  induced  (which  has  been  denied  by  some)  is  clearly  substantiated;  but  it 
is  also  shown  that  the  motor  influence  does  not  originate  in  the  Sympathetic 
ganglia,  but  in  the  Spinal  Cord.  The  following  are  the  general  results  of 
upwards  of  three  hundred  experiments,  so  far  as  they  apply  to  this  subject. 
—The  pharynx  may  not  only  be  excited  to  contraction  by  irritation  of  the 
pharyngeal  branches  of  the  Par  Vagum,  or  of  the  roots  of  the  Spinal  Acces- 
sory, -from  which  their  motor  power  is  derived  (as  will  be  hereafter  ex- 
plained), but  also  by  stimulating  the  roots  of  the  first  two  Cervical  nerves; 
and  the  lower  part  of  the  oesophagus  in  the  neck  is  made  to  contract  peri- 
staltically  from  above  downwards,  by  irritation  of  the  roots  of  the  first  three 
Cervical  nerves,  and  of  the  cervical  portion  of  the  Sympathetic,  through 
which  last  the  former  evidently  operate.  The  thoracic  portion  of  the  oeso- 
phagus is  made  to  contract  by  irritation  of  the  lowest  Sympathetic  ganglion 
of  the  neck,  and  of  the  higher  thoracic  ganglia,  and  also  of  the  roots  of  the 
lower  Cervical  spinal  nerves.  Muscular  contractions  of  the  stomach  are 
produced  by  irritation  of  the  roots  of  the  4th,  6th,  6th,  and  7lh  Cervical 
nerves,  and  of  the  first  thoracic,  in  the  rabbit;  so  that  a  distinct  furrow  is 
evident  between  the  cardiac  and  pyloric  portion  of  the  viscus;  and  the  lower 
the  nerve  irritated,  the  nearer  the  pylorus  do  the  contractions  extend.  Irrita- 
tion of  the  first  thoracic  ganglion  of  the  Sympathetic  produces  the  same 
effect.  Contractions  of  the  intestinal  tube,  varying  in  place  according  to  the 
part  of  the  Spinal  Cord  experimented  on,  may  be  excited  by  irritation  of 
the  roots  of  the  dorsal,  lumbar,  and  sacral  nerves,  and  of  the  trigeminns; 
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and  similar  effects  are  produced  by  irritation  of  the  lower  part  of  the  thoracic 
portion  of  the  lumbar,  and  of  the  sacral  portions  of  the  Sympathetic, — also 
of  the  splanchnic,  and  of  the  gastric  plexus. 

201.  From  these  facts  it  is  evident,  that  the  movements  of  the  Intestinal 
tube  may  be  influenced  by  the  Spinal  Cord;  and  that  what  is  commonly 
termed  the  Sympathetic  nerve  is  the  channel  of  that  influence,  by  the  fibres 
which  it  derives  from  the  spinal  system.  But  it  by  no  means  thence  fol- 
lows, that  the  ordinary  peristaltic  actions  of  the  muscles  in  question  are  de- 
pendent on  a  stimulus  reflected  through  the  spinal  cord,  rather  than  on  one 
directly  applied  to  themselves.  It  is  clear  that,  although  these  movements 
are  of  the  first  importance  to  the  welfare  of  the  system,  the  means  of  sus- 
taining them  are  feeble,  compared  to  those  which  we  find  provided  for  the 
maintenance  of  the  distinctly  reflex  actions  of  deglutition,  respiration,  Slc, 
The  difliculty  with  which  any  evidence  can  be  obtained  of  the  connection 
is  a  sntBcient  proof  of  this.  On  the  other  hand,  we  do  know  that  these 
peristaltic  movements  are  influenced  by  particular  states  of  mind,  or  by 
conditioDB  of  the  bodily  system;  and  the  connection  just  traced  satisfactorily 
accounts  for  this,  and  is  itself  suflliciently  explained.  The  intestinal  tube, 
then,  from  the  stomach  to  the  rectum,  is  not  dependent  upon  the  Spinal 
Cord  for  its  contractility,  but  is  enabled  to  propel  its  contents  by  its  own 
inherent  powers;  still  we  find  that  here,  as  in  other  instances,  the  nervous 
centres  exert  a  general  control  over  even  the  organic  functions,  doubtless 
for  the  purpose  of  harmonizing  them  with  each  other,  and  with  the  con- 
ditions of  the  organs  of  animal  life. 

202.  On  examining  the  outlets  by  which  the  excretions  are  voided,  we 
find  that  they  are  placed,  like  the  entrances,  under  the  guardianship  of  the 
Spinal  Cord;  subject,  however,  to  some  control  on  the  part  of  the  will.    In 
the  lowest  animals,  the  act  of  discharging  excrementitious  matter  is  probably 
as  involantary,  as  are  those  immediately  concerned  in  the  introduction  of 
natriment,  and  is  performed  as  often  as  there  is  any  thing  to  be  got  rid  of. 
In  the  higher  classes,  however,  such  discharges  are  much  less  frequent; 
and  reservoirs  are  provided,  in  which  the  excrementitious  matter  may  accu- 
mulate in  the  intervals.  The  associated  movements  required  to  empty  these 
are  completely  involuntary  in  their  character;  and  are  excited  by  the  quantity, 
or  stimulating  quality,  of  the  contents  of  the  reservoir.     But,  had  volition 
BO  control  over  them,  great  inconveniences  would  ensue,  hence  sensation 
is  excited  by  the  same  stimulus  which  produces  the  movements;  in  order 
that,  by  arousing  the  will,  the  otherwise  involuntary  motions  may  be  re- 
strained and  directed.     There  can  be  little  doubt,  from  the  experiments  of 
Dr.  M.  Hall,  as  well  as  from  other  considerations,  that  the  associated  move- 
ments, by  which  the  contents  of  the  rectum  and  bladder  are  discharged, 
eorrespond  much  with  those  of  Respiration, — being  in  their  own  nature  in- 
^ODtary,  but  capable  of  a  certain  degree  of  voluntary  restraint  and  assist- 
ance: whilst  the  discharge  of  the  contents  of  the  vesiculae  seminales  would 
•eem  to  be  completely  automatic;  thus  corresponding  with  the  act  of  deglu- 
tition.    On  the  other  hand,  the  sphincters,  which  antagonize  their  expellent 
action,  are  usually  maintained  in  a  state  of  moderate  contraction,  so  as  to 
afford  a  constant  check  to  the  egress  of  the  contents  of  the  cavities;  and  this 
condition  has  been  fully  proved  by  Dr.  M.  Hall,  to  result  from  their  con- 
Mction  with  the  Spinal  Cord,  ceasing  completely  when  this  is  interrupted. 
On  the  other  hand,  the  sphincter  is  certainly  in  part  controlled  by  the  will, 
■d  is  made  to  act  in  obedience  to  the  warning  given  by  sensation;  and  this 
volnntary  power  is  frequently  destroyed  by  injuries  of  the  Brain,  whilst  the 

s^l  Spinal  Cord  remains  able  to  perform  all  its  own  functions,  so  that  discharge 
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of  the  urine  and  faeces  occurs.  In  their  moderate  action,  the  expulsors  and 
the  sphincters  may  be  regarded  as  balancing  one  another,  so  far  as  their 
reflex  action  is  concerncfd, — the  latter  having  rather  the  predominance,  so 
as  to  restrain  the  operation  of  the  former.  But,  when  the  quantity  or  quality 
of  the  contents  of  the  cavity  gives  an  excessive  stimulus  to  the  former,  their 
action  predominates,  unless  the  will  is  put  in  force  to  strengthen  the  resist- 
ance of  the  sphincter;  this  we  are  frequently  experiencing,  sometimes  to 
our  great  discomfort.  On  the  other  hand,  if  the  stimulus  is  deficient,  the 
will  must  aid  the  expulsors,  in  order  to  overcome  that  resistance  which  is 
due  to  the  reflex  contraction  of  the  sphincters;  of  this  also  we  may  convince 
ourselves,  when  a  sense  of  propriety,  or  a  prospective  regard  to  convenience, 
occasions  us  to  evacuate  the  contents  of  the  rectum  or  bladder  without  a 
natural  call  to  do  so.  The  muscular  coat  of  the  Bladder  is  commonly  re- 
garded as  having,  like  that  of  the  intestinal  tube,  no  connection  with  the 
Spinal  Cord;  but  the  experiments  of  Valentin  have  shown  that  a  connection 
exists,  as  in  the  former  case,  through  the  sympathetic  nerve,  aflfecting  not 
only  the  bladder  but  also  the  ureters.  That  physiologist  states  that  a  very 
distinct  and  powerful  peristaltic  action  of  the  ureter,  proceeding  from  the 
kidneys  to  the  bladder,  may  be  produced  by  irritating  the  abdominal  ganglia 
of  the  Sympathetic,  or  the  roots  of  the  superior  abdominal  Spinal  nerves; 
and  that  strong  contractions  of  the  bladder  are  excited  by  irritation  of  the 
inferior  portion  of  the  abdominal  Sympathetic,  but  especially  of  its  sacral 
portion,  and  of  the  roots  of  the  middle  and  inferior  abdominal  nerves  of  the 
Spine.  In  these,  as  in  former  cases,  no  eflect  is  produced  by  irritation  of 
the  Spinal  Nerves,  unless  the  portion  of  Sympathetic  connected  with  the 
particular  organ  be  entire. 

203.  The  influence  of  the  Spinal  Cord  on  the  Genital  organs  is  of  a 
similar  character.  The  muscular  contractions  involved  in  the  Emissio 
Seminis  are  clearly  of  a  reflex  character,  being  independent  of  the  will,  and 
not  capable  of  restraint  by  it  when  once  fully  excited,  and  being  producible 
in  no  other  way  than  (like  those  concerned  in  Deglutition)  by  a  particular 
local  irritation.  That  this  irritation  need  not  amount  to  a  sensation^  is 
proved  by  cases  already  referred  to  (§  182);  and  it  has  been  also  shown  by 
experiment,  that  section  of  the  Spinal  Cord  in  the  lumbar  region  does  not 
prevent  the  act  from  being  performed,  the  lower  division  only  being  con- 
cerned in  the  reflexion  of  the  impression.  It  appears  also,  from  the  experi- 
ments of  Valentin,  that  the  Spinal  Cord  may  operate  on  the  Genital  organs 
through  the  Sympathetic  system.  Contractions  were  excited  in  the  vas 
deferens  and  vesiculae  seminales,  especially  of  the  Guinea  Pig  at  the  time  of 
heat,  by  irritation  of  the  inferior  lumbar  and  highest  sacral  portions  of  the 
Sympathetic;  and  the  Fallopian  tubes,  as  well  as  the  Uterus  itself,  may  be 
excited  to  contraction,  by  irritation  of  the  same  nerves  as  those  which  excite 
the  rectum, — namely,  the  lower  lumbar  and  flrst  sacral  nerves  of  the  Spine* 
This  last  fact  is  important  in  regard  to  the  rationale  of  the  operation  of  cer- 
tain medicines,  such  as  aloes,  which  are  known  to  have  an  influence  on  both 
parts.  In  regard  to  the  act  of  Parturition,  there  would  seem  reason  to  be- 
lieve, from  the  evidence  of  cases  of  paraplegia,  that,  of  the  muscles  whose 
operation  is  associated  in  it,  the  diaphragm,  abdominal  muscles,  ^.^  aie 
called  into  action  (as  in  defecation)  through  the  Spinal  Cord;  but  that  the 
contractions  of  the  uterus  itself  are  independent  of  all  connection  with  the 
nervous  centres.  Of  the  reason  why  the  muscles,  which  were  up  to  that 
time  inert,  should  then  combine  in  this  extraordinary  manner,  and  with  sudi 
remarkable  energy.  Physiology  can  afford  no  certain  information.  There 
can  be  little  doubt,  however,  that  the  stimulus  usually  originates  in  the 
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Uterus,  or  in  some  of  the  neighbouring  organs  which  are  incommocled  by 
the  pressure;  but  it  may  also  result  from  some  condition  of  the  general 
system,  in  which  the  uterus  itself  is  but  little  concerned.  It  is  an  interest- 
ing fact,  which  has  been  more  than  once  observed,  that  the  foetus  may  be 
expelled  from  the  dying  body  of  the  mother,  even  after  the  respirator]^ 
iDOvements  have  ceased.  This  would  appear  due  to  the  contraction  of  the 
uterine  fibres  alone,  which,  like  those  of  the  heart  and*  alimentary  canal, 
retain  their  irritability  longer  than  those  of  the  muscles  supplied  by  the 
cerebro-spinal  nerves;  and  the  power  of  these  would  be  unopposed  by  the 
resistance  which  they  ordinarily  have  to  encounter;  since  the  tone  of  all  the 
muscles  surrounding  the  outlet  would  be  destroyed,  by  the  cessation  of  the 
activity  of  the  Spinal  system  of  nerves. 

Protecting  Agency  of  the  Spinal  Cord. 

204.  Ffom  the  foregoing  details  it  appears,  that  one  of  the  chief  func- 
tions of  the  Spinal  Cord  is  to  control  the  orifices  of  the  various  open  cavi- 
ties of  the  body;  and  this  function  evidently  has  safety  as  well  as  conve- 
nience in  view.     It  has  been  manifestly  designed  by  the  All-wise  Creator, 
that  the  giotti;  should  close  against  agents  injurious  to  the  organs  within; 
and  that  the  efibrt  to  vomit  should  be  excited,  by  the  attempt  to  swallow 
substances  so  nauseous  as  to  induce  loathing.     There  is  another  protective 
influence  exerted  by  it,  of  a  still  more  remarkable  nature.     It  has  been 
ascertained  by  Dr.  M.  Hall  that,  if  the  functions  of  the  Brain  be  suspended 
or  destroyed,  without  injury  to  the  Spinal  system  of  nerves,  the  Orbicu- 
laris muscle  will  contract  so  as  to  occasion  the  closure  of  the  eyelids,  upon 
the  tarsal  margin  being  touched  with  a  feather.     This  fact  is  interesting  in 
several  points  of  view.     In  the  first  place,  it  is  a  characteristic  example  of 
pure  reflex  action,  occurring  under  circumstances  in  which  volition  cannot 
be  imagined  to  guide  it,  and  in  which  there  is  no  valid  reason  to  believe 
that  sensation  directs  it.     Further,  it  explains  the  almost  irresistible  nature 
of  the  tendency  to  winking,  which  is  performed  at  short  intervals  by  the 
contraction  of  the  Orbicularis  muscle,  and  which  is  evidently  a  Spinal  action, 
capable  of  being  in  some  degree  restrained  (like  that  of  respiration)  by  the 
will,  but  only  until  such  time  as  the  stimulus  (resulting  perhaps  from  the 
collection  of  minute  particles  of  dust  upon  the  eyes,  or  from  the  dryness  of 
its  surface  in  consequence  of  evaporation,)  becomes  too  strong  to  be  any 
longer  resisted.   Again,  we  have  in  sleep  or  in  apoplexy  an  example  of  this 
purely  spinal  action,  unbalanced  by  the  influence  of  the  will,  which  in  the 
Waking  state  antagonizes  it  by  calling  the  levator  palpebrae  into  action.    As 
loon  as  the  will  ceases  to  act,  the  lids  droop,  and  close  over  the  eye  in  order 
to  protect  it;  and  if  those  of  a  sleeping  person  be  separated  by  the  hand, 
ihcy  will  be  found  presently  to  return.    Here,  as  in  studying  the  respiratory 
uid  other  movements,  we  are  led  to  perceive,  that  it  is  the  brain  alone 
which  is  torpid  during  sleep,  and  whose  functions  are  aff*ected  by  this  tor- 
IHdity.     As  Dr.  M.  Hall  very  justly  remarks,  the  spinal  system  never 
bleeps;  it  is  constantly  in  activity;  and  it  is  thus  that,  in  all  periods  and 
phases  of  life,  the  movements  which  are  essential  to  its  continued  mainte- 
Bmce  are  kept  up  without  sensible  eflbrt. 

?05.  The  closure  of  the  Pupil  against  a  strong  light  is  another  movement 
•f  the  same  protective  tendency.  The  channel,  through  which  that  just 
•«ned  is  performed,  is  completed  by  the  first  branch  of  the  Fifth  and  the 
Portio  Dura  of  the  seventh.  The  contraction  of  the  pupil  is  immediately 
caused  by  the  Third  pair,  or  Motor  Oculi;  as  is  easily  shown  by  irritating 
20 
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the  trunk  of  that  nerve  and  observing  the  result.  But  it  is  not  easy  to  speak 
with  certainty  as  to  the  afferent  nerve,  by  which  the  motor  influence  is  ex- 
cited. Although  the  contraction  of  the  pupil  is  usually  in  close  accordance 
with  the  sensation  occasioned  by  the  impression  of  light  upon  the  retina, 
fet  there  is  no  want  of  evidence  to  prove  that  the  sensation  of ilight  is  not 
always  necessary;  for,  even  when  the  sight  of  both  eyes  has  been  entirely 
destroyed  by  amaurosis,  the  regular  actions  have  been  witnessed  in  the 
pupil,  in  accordance  with  varying  degree  of  light  impinging  on  the  retina. 
This  fact  may  be  explained  in  two  ways.  It  may  either  be  imagined,  that 
the  requisite  stimulus  is  not  that  o{  light  conveyed  through  ih^  optic  nerve; 
but  that  of  heat  conveyed  through  the  ophthalmic  branch  of  the  Fifth  pair. 
Or  it  may  be  still  supposed,  that  the  motion  results  from  an  impression  upon 
the  retina,  which  impression,  being  conducted  to  the  brain  ordinarily  pro- 
duces a  sensation;  whilst  in  these  curious  cases  no  sensation  is  produced, 
on  account  of  a  disordered  state  of  the  part  of  the  brain  in  which  the  Optic 
nerve  terminates;  though  some  filaments  of  that  nerve,  being  connected 
with  the  Spinal  Cord,  and  not  with  the  Brain,  can  produce  a  reflex  action 
through  the  Third  pair,  although  no  sensation  accompany  it.  In  either 
view,  the  rarity  of  the  occurrence  is  at  once  accounted  for;  since  in  most 
cases  of  amaurosis,  the  disease  lies  in  the  trunk  of  the  nerve^  and  thereby 
checks  both  its  spinal  and  its  cerebral  actions.  A  protective  influence,  ana- 
logous to  that  exhibited  in  the  iris,  but  requiring  sensation  for  its  excite- 
ment, is  also  exercised  by  the  Orbicularis,  when  the  eye  is  exposed  to  very 
strong  light;  and  it  is  remarkably  shown,  also,  in  cases  of  ophthalmia,  in 
which  the  retina  is  in  an  irritable  condition.  Every  oculist  is  aware  with 
what  force  the  Orbicularis  contracts  in  the  strumous  ophthalmia  of  children, 
in  which  photophobia  is  generally  a  leading  symptom;  and  its  protecting 
action  is  further  aided  by  the  muscles  of  the  eye,  which  roll  it  beneath  the 
upper  lid  farther  than  any  voluntary  effort  could  accomplish.  The  particu- 
lar muscles  and  nerves  concerned  in  this  action  will  be  hereafter  inquired 
into. 

206.  The  physiologist  has  not  at  present  any  knowledge  of  any  similar 
protective  movements,  in  the  Human  being,  designed  to  keep  the  organ  of 
Hearing  from  injury;  but  there  can  be  little  doubt  that  those  which  we  are 
constantly  witnessing  in  other  animals,  possessing  large  external  ears,  are 
refiex  actions  excited  by  the  irritation  applied  to  them.  In  regard  to  the 
Nose,  we  find  a  remarkably  complex  action — that  of  sneezing — adapted  to 
drive  ofif  any  cause  of  irritation.  This  action,  as  far  as  the*  respiratory 
movements  are  concerned,  is  nearly  the  same  as  that  of  coughing;  but  the 
velum  palati,  at  the  moment  of  the  expiratory  blast,  is  stretched  across  the 
fauces  in  such  a  manner,  that  the  whole  force  of  the  air  is  directed  through 
the  nostrils,  and  tends  to  carry  ofi*  any  irritating  solid,  fiuid,  or  gas,  which 
may  have  excited  the  mucous  membrane.  It  will  hereafter  be  shown  that 
the  stimulus  is  conveyed,  in  this  case,  not  through  the  olfactory  nerve,  but 
through  the  fifth  pair;  so  that  it  is  not  dependent  upon  the  excitement  of 
the  sensation  of  smell. 

Other  Functions  of  the  Spinal  Cord, 

207.  The  influence  of  the  Nervous  Centres  in  maintaining  what  is  com- 
monly designated  as  the  tone  of  the  muscular  system,  was  first  distinctly 
limited  by  Dr.  M.  Hall,  to  the  Spinal  Cord,  and  the  system  of  nerves  con- 
nected with  it.  By  the  expression  in  question  is  meant,  that  state  of  mode- 
rate contraction,  which  causes  all  the  muscles  to  present  a  certain  degree  of 
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firmness,  by  their  antagonism  with  each  other,  when  none  of  them  are  par- 
ticularly contracted  or  relaxed.  The  following  experiments  by  Dr.  M.  Hall 
clearly  prove  the  influence  of  the  Spinal  Cord  on  this  functional  condition: 
— '*  Two  Rabbits  were  taken;  from  one  the  head  was  removed;  from  the 
other  also  the  head  was  removed,  and  the  spinal  marrow  was  cautiously 
destroyed  with  a  sharp  instrument:  the  limbs  of  the  former  retained  a  cer- 
tain degree  of  firmnes»  and  elasticity;  those  of  the  second  were  perfectly 
lax."  **  The  limbs  and  tail  of  a  decapitated  Turtle  possessed  a  certain 
degree  of  firmness  or  tone,  recoiled  on  being  drawn  from  their  position,  and 
moved  with  energy  on  the  application  of  a  stimulus.  On  withdrawing  the 
spinal  marrow  gently  out  of  its  canal,  all  these  phenomena  ceased.  The 
limbs  were  no  longer  obedient  to  stimuli,  and  became  perfectly  flaccid, 
having  lost  all  their  resilience.  The  sphincter  lost  its  circular  form  and 
contracted  state,  becoming  lax,  flaccid,  and  shapeless.  The  tail  was  flaccid 
and  unmoved  on  the  application  of  stimuli."  It  is  probable  that  this  tonic 
contractioo  is  strictly  a  reflex  action;  an  impression  of  the  condition  of  the 
mnscle,  eorresponding  with  the  **  muscular  sense"  of  Sir  C.  Bell,  but  not 
necessarily  accompanied  by  sensation,  being  conveyed  to  the  Spinal  Cord, 
and  producing  the  stimulus  to  contraction.  The  want  of  this  tone  is  seen 
in  the  relaxation  of  the  sphincters;  and  also  in  the  distortion  of  the  face 
produced  by  paralysis  of  the  Portio  Dura,  and  resulting  from  the  tonic  con- 
traction of  the  muscles  on  one  side  of  the  face,  unbalanced  by  that  of  the  other 
side.  Cases  have  occasionally  presented  themselves,  in  which  the  portio 
dura  has  been  paralyzed  to  the  influence  of  the  will  (owing  to  disease  aflect- 
ing  its  cerebral  termination),  whilst  its  spinal  connections  have  not  been 
affected;  so  that  the  tone  of  the  muscles  has  been  preserved,  and  no  distor- 
tion of  the  face  has  manifested  itself,  until  the  muscles  were  stimulated  by 
a  voluntary  impulse,  to  which  those  of  one  side  only  would  respond. 

208.  Nearly  allied  to  this  function  of  the  Spinal  Cord,  is  that  by  which 
it  is  subservient  to  the  maintenance  of  the  contractility  of  muscles  paralyzed 
to  the  influence  of  the  will.     It  is  well  known  that,  in  ordinary  cases  of 
paralysis,  the  muscles  lose  their  irritability  in  the  course  of  a  few  weeks,  so 
that  no  stimulus  excites  them  to  contraction;  and  it  is  also  well  known  that 
their  characteristic  structure  is  so  greatly  aflected,  that,  in  progress  of  time, 
no  true  muscular  fibres  can  be  detected  in  their  place.     Experiments  on 
animals,  in  which  portions  have  been  removed  from  the  nerves  supplying 
the  limbs,  conduct  to  exactly  the  same  result  as  the  experiments  made  for  us 
by  diseased  conditions  in  Man.     Now  Dr.  M.  Hall  has  pointed  out  that, — 
in  cases  where  the  muscles  are  paralyzed  to  the  influence  of  the  will, 
through  disease  of  the  Brain  or  of  the  upper  part  of  the  Spinal  Cord,  but 
retain  their  power  of  reflex  action,  the  nervous  circle  which  operates  through 
the  Spinal  Cord  not  being  interrupted, — the  contractility  of  the  muscles  is 
Dot  diminished,  but  appears  to  be  sometimes  even  increased;  and  he  has 
Qgl^sted  that  this  fact  may  be  made  available  as  a  means  of  diagnosis  in 
olMcure  cases  of  paralysis.     Thus,  in  some  cases  of  Paraplegia,  the  reflex 
Ktions  may  be  excited;  in  others  they  cannot  be.     In  tlie  former,  the  dis- 
ease must  be  in  the  dorsal  or  cervical  portion  of  the  Spinal  Cord,  leaving  its 
lumbar  portion  free  to  carry  on  the  reflex  actions,  though  its  connection 
with  the  brain  is  interrupted.     In  the  latter;  the  disease  is  probably  within 
the  lumbar  vertebree,  involving  that  portion  of  the  Spinal  Cord  through 
which  the  reflex  actions  of  the  lower  extremities  are  produced.     In  like 
Banner,  in  paralysis  of  a  single  arm  or  of  one  leg,  if  the  reflex  actions,  and 
the  contractility  of  the  muscles  on  the  application  of  a  direct  stimulus  (such 
ai  galvanism)*  remain  unimpaired,  the  cause  is  probably  seated  in  the  Brain; 
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whilst,  if  the  tone  of  the  muscles  is  completely  lost,  and  no  contraction  can 
be  induced  in  them,  the  cause  of  the  paralysis  is  probably  somewhere  in  the 
neighbourhood  of  the  roots  of  the  nerves  of  the  part  affected. — There  is  no 
good  ground  for  believing,  however,  that  the  contractility  of  the  muscles  is 
directly  dependent  on  their  connection  with  the  Spinal  Cord, — a  doctrine 
which  is  inconsistent  (as  will  be  shown  hereafter)  with  well  established  facts. 
It  is  well  known  that  muscular  structure,  like  others  whose  chemical  con- 
stitution is  such  as  to  require  constant  renewal,  requires,  for  its  perfect  nu- 
trition, to  be  kept  in  a  state  of  functional  activity.  If  the  muscles  of  the 
leg,  for  example,  be  disused  for  a  long  time,  their  nutrition  is  greatly  im- 
paired, and  their  contractility  is  almost  suspended,  even  though  they  retain 
their  connection  with  the  nervous  centres,  and  the  latter  be  in  their  normal 
condition.  It  is  to  be  expected  then,  that,  if  a  muscle  be  completely  pat 
out  of  the  pale  of  nervous  influence,  its  nutrition  should  be  speedily  im- 
paired, and  its  contractility  altogether  lost;  but  if  the  influence  of  the  will 
only  be  withdrawn  from  it,  and  its  connection  with  the  Spinal  Cord  be 
uninterrupted,  it  will  be  in  a  state  of  continual  action,  by  the  operation  of 
various  reflected  stimuli;  and  this  action  will  be  sufficient  to  maintain  its 
nutrition,  and  to  prevent  the  loss  of  its  contractility.  (See  Chap.  V.) 

209.  The  fact  that  the  action  of  the  Heart  is  in  some  degree  under  the 
control  of  the  Spinal  Cord,  has  long  been  known.  It  is  not  a  little  curious 
that,  although  its  movements  will  continue  regularly  afttr  complete  section 
of  all  its  nerves,  any  sudden  and  severe  impression  upon  a  large  part  of  the 
Nervous  Centres, — such  as  crushing  the  Brain  or  Spinal  Cord, — will  pro- 
duce a  great  diminution  in  their  frequency,  or  even  occasion  their  entire 
cessation,  if  the  nervous  connection  be  entire.  It  will  be  hereafter  shown 
that  the  influence  is  partly  communicated  by  the  Par  Vagum;  but  it  appears 
from  the  experiments  of  Valentin,  that  the  sympathetic  is  in  part,  as  in  the 
case  of  the  motions  of  the  alimentary  canal,  the  channel  by  which  it  is 
transmitted.  He  found  that,  when  the  heart  had  ceased  to  beat,  its  con- 
tractions might  be  renewed  by  irritation  of  the  roots  of  the  Spinal  Accessory 
nerve,  and  of  the  first  four  Cervical  nerves,  and  also  of  the  first  cervical 
ganglion  of  the  Sympathetic.  He  thinks  that  he  has  also  witnessed  distinct 
contractions  of  the  thoracic  aorta,  of  the  inferior  cava,  and  of  the  thoracic 
duct,  upon  irritation  of  the  neighbouring  portion  of  the  sympathetic  system, 
which  evidently  derives  its  wliole  motor  power  from  the  spinal  cord.  The 
ductus  choledochus  has  also  been  seen  by  him  to  contract  on  irritation  of  the 
right  splanchnic  nerve. 

210.  Lastly,  we  have  to  inquire  how  far  the  Refiex  action  of  the  Spinal 
Cord  is  concerned  in  the  locomotive  actions  of  the  lower  extremities  in  Man. 
It  will  be  remembered  that,  in  the  Dytiscus  whose  head  had  been  removed 
(§  146),  the  stimulus  of  the  contact  of  water  immediately  excited  regular  and 
continued  locomotive  actions,  which  lasted  for  some  time.  So  in  the  cases 
already  quoted  (§  177,  8),  when  the  control  of  the  will  over  the  lower  ex- 
tremities was  lost,  powerful  muscular  actions  were  excited  through  the 
Spinal  Cord  alone.  In  the  healthy  condition  of  the  Human  system,  when 
the  will  is  controlling  all  the  movements  which  are  not  immediately  con- 
cerned in  the  maintenance  and  regulation  of  the  organic  functions,  no  such 
actions  can  be  excited;  but  in  proportion  as  its  control  is  lost,  does  the  in- 
dependent power  of  the  Spinal  Cord  manifest  itself.  Hence  we  can  under^ 
stand  that,  when  the  whole  attention  of  the  mind  is  given  to  other  objects, 
but  a  certain  train  of  muscular  actions  has  been  voluntarily  begun,  that  train 
will  continue  under  the  infiuence  of  the  constantly  renewed  stimulus,  with- 
out any  thing  more  than  a  general  sustaining  and  directing  energy  on  the 
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part  of  the  will.  We  all  know  that,  in  walking  along  an  accustomed  road, 
we  frequently  lose  even  our  consciousness  of  our  situation,  from  the  close 
occupation  of  the  mind  upon  some  train  of  thought;  and  yet  our  limbs  con- 
tinue to  move  under  us  with  regularity,  until  we  are  surprised  by  findmg 
ourselves  at  the  place  of  our  destination,  or  peradventure  at  some  other 
which  we  had  not  intended  to  visit,  but  to  which  habit  has  conducted  us. 
Now  in  such  a  case  it  would  be  said  by  some  metaphysicians  (acknow- 
ledging, as  all  do,  that  the  mind  cannot  will  two  different  things  at  the  same 
time)  that  the  volition  is  in  a  sort  of  vibratory  condition  between  the  two 
sets  of  actions-— now  prompting  one,  and  now  the  other.  But,  independently 
of  the  manifest  complexity  which  must  attend  the  operations  of  the  mind  so 
employed,  it  may  be  shown  that  it  is  perfectly  conformable  to  the  analogy 
afford^  by  psychical  phenomena,  to  refer  the  habitual  series  of  actions  to 
the  shorter  train  afforded  by  the  Spinal  system  of  nerves,  whilst  the  cerebral 
system  is  concerning  itself  with  the  other.  It  is  not  difficult,  then,  to 
undentand  that  the  locomotive  actions  may,  by  habit,  and  by  the  temporary 
suspension  of  the  particular  direction  of  them  by  the  will,  become  nearly 
of  the  same  reflex  or  excited  character  as  they  obviously  are  in  the  lower 
animals.  The  more  such  actions  are  of  a  simple  rhythmical  character, 
similar  to  those  of  Respiration,  the  more  does  it  seem  that  they  may  with 
probability  be  referred  to  the  Spinal  system;  and  if  we  attribute  to  this  (as 
we  can  scarcely  help  doing)  the  rapid  vibration  of  the  wings  of  Insects, 
there  seems  no  reason  why  we  should  not  extend  the  same  view  to  the 
wiogs  of  Birds.  Such  an  explanation  of  their  movements  will  account  for 
their  occasional  continuance,  without  apparent  fatigue,  during  a  period 
throngh  which  no  known  voluntary  effort  can  endure;  for  it  is  one  of  the 
atiribates  of  the  Spinal  system  of  nerves,  well  pointed  out  by  Dr.  M.  Hall, 
that  the  exercise  of  the  muscles  excited  by  it  does  not  occasion  fatigue,  the 
sense  of  which  is  cerebral  only. 

211.  It  would  not  be  right  to  conclude  this  account  of  the  principal  func- 
tions of  the  Spinal  Cord,  without  adverting  to  some  of  the  leading  patholo- 
gical applications  of  the  physiological  doctrines,  which  have  been  developed 
in  it  A  large  part  of  these  were  first  pointed  out  by  Dr.  M.  Hall;  and  they 
are  receiving  continual  and  important  extensions  from  his  own  labours  and 
ihose  of  other  practical  inquirers.*  It  may  be  remarked,  in  the  first  place, 
that  the  power  of  the  whole  Spinal  system  is  capable  of  being  morbidly 
diminished  or  augmented.  It  may  even  be  for  a  time  almost  completely 
lospended,  as  in  Syncope,  which  state  may  be  induced  by  sudden  and  vio- 
lent impressions,  either  of  a  mental  or  physical  nature,  which  operate  upon 
the  whole  nervous  system  at  once,  commencing,  however,  in  the  Brain.  It 
■  tobe  remarked,  however,  that  in  recovering  from  these,  it  is  the  Spinal 
tyitem  of  which  the  activity  is  first  renewed, — the  respiratory  movements 
^commencing,  and  the  power  of  swallowing  being  restored,  before  any 
^ntary  actions  can  be  performed.  A  corresponding  state  may  be  induced 
in  particular  portions  of  the  system  by  concussion,  as  is  seen  in  severe  in- 
jtines  of  the  Spinal  Cord,  which  are  almost  invariably  followed  for  a  time 
i>T entire  suspension  of  its  functions.    Again,  the  power  of  the  whole  Spinal 

•  The  student  is  eamesllv  requested  to  make  himself  well  acquainted  with  the 
fitbolngical  portion  of  Dr.  M.  Hall's  recently  published  work  on  the  Nervous  System, 
^which  a  new  field  of  inquiry  is  opened,  and  the  extent  and  importance  of  the  ap- 
Plkaiions  of  Dr.  Hall's  physiological  doctrines  are  clearly  shown.  It  is  only  to  be 
"^SKited  that  a  volume  devoted  to  scientific  investigation  should  be  disfigured  by  so 
^7  personal  attacks,  many  of  them  completely  groundless  in  their  nature,  as  this 
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Cord  may  be  diminished  by  various  causes,  such  as  enfeebled  circulation, 
pressure,  &c.;  and  then  we  have  torpidity  of  the  whole  muscular  system. 
If  oppression  exists  in  the  brain,  the  functions  of  the  Medulla  Oblongata 
will  be  especially  affected;  and  if  it  be  prolonged  and  sufiiciently  severe. 
Asphyxia  will  result  from  the  interruption  of  the  respiratory  movements 
which  it  occasions. 

212.  On  the  other  hand,  the  excitability  of  the  whole  Cord,  or  of  parti- 
cular parts  of  it,  may  be  morbidly  increased.  This  is  especially  seen  in 
Tetanus,  Hydrophobia,  and  the  artificial  tetanus  induced  by  Strychnine,  so 
that  the  slightest  external  stimulus  is  sufficient  to  induce  reflex  actions  in 
their  most  terrific  forms.  It  is  interesting  to  remark,  that,  in  these  formida- 
ble diseases,  the  functions  of  the  muscles  controlling  the  various  orifices  are 
those  most  affected;  and  it  is  by  the  spasms  affecting  the  organs  of  respira- 
tion or  deglutition,  that  life  is  commonly  terminated.  Various  remedial 
agents  will  probably  be  found  to  operate,  by  occasioning  increased  excita- 
bility in  some  particular  segments  of  the  cord;  so  that  the  usual  stimuli 
applied  to  the  parts  connected  with  these,  will  occasion  increased  muscular 
action.  This  seems  to  be  the  case,  for  example,  in  regard  to  the  influence 
of  aloes  on  the  rectum  and  uterus,  cantharides  on  the  neck  of  the  bladder 
and  adjoining  parts,  and  secale  cornutum  on  the  uterus.  The  mode  of  in- 
fluence of  cantharides  is  illustrated  by  a  curious  case,  related  by  Dr.  M. 
Hall,  of  a  young  lady  who  lost  the  power  .of  retention  of  urine  in  conse- 
quence of  a  fatty  tumour  in  the  spinal  canal,  which  gradually  severed  the 
8pinal  Cord,  and  induced  paraplegia.  The  power  of  retaining  the  urine 
was  always  restored  for  a  time  by  a  dose  of  tincture  of  cantharides,  which 
augmented  the  excitability  of  the  segment  of  the  cord  with  which  the 
sphincter  vesicae  is  connected.  The  researches  of  Valentin,  when  grafted 
(as  it  were)  on  the  doctrines  of  Dr.  M.  Hall,  afford  the  key  to  the  explana- 
tion of  the  numberless  sympathetic  influences  of  the  organs  of  nutrition,  &c. 
upon  one  another,  by  showing  that  they  are  all  connected  with  the  Spinal 
Cord;  and  that  the  muscular  structure,  with  which  they  are  all  provided, 
may  be  excited  to  contraction  through  it. 

Comparative  Anatomy  of  the  Encephalon. 

213.  The  assistance  which  the  Physiologist  has  hitherto  derived  from  the 
study  of  the  Comparative  Anatomy  of  the  Encephalon  in  Vertebrata,  is  not 
so  great  as  might  have  been  expected;  there  can  be  little  doubt,  however, 
that  much  is  yet  to  be  learned  from  it.     Certain  general  inferences  appear 
well  established;  and  it  is  chiefly  in  questions  of  detail,  that  difficulties  still 
exist.     The  Encephalon  may  be  described  as  consisting  of  the  Cerebral 
Hemispheres,  the  Cerebellum,  and  the  Medulla  Oblongata  with  its  chain  of 
ganglia.     The  relative  proportion  of  the  two  former  to  the  latter  is  such  in 
Man,  that  its  character  would  not  be  readily  understood  by  the  inspection 
of  his  Brain  alone;  and  it  is  one  of  the  most  interesting  results  of  the  couk 
parison  of  it  with  the  brains  of  animals  of  the  inferior  tribes,  that  the  great 
change  which  we  there  find  in  the  proportion  of  the  parts,  makes  evident 
the  importance  of  what  would  have  been  otherwise  considered  subordinate 
appendages.     This  is  peculiarly  the  case  in  Fishes.     There  may  be  notioeA 
in  the  Encephalon  of  that  class  four  distinct  ganglionic  enlargements;  oC^ 
which  the  posterior  is  usually  on  the  median  line,  whilst  the  others  are  ina 
pairs.     The  posterior,  from  its  position  and  connections,  is  evidently  to  to 
regarded  in  the  light  of  a  Cerebellum;  and  it  bears  a  much  larger  proportiofS- 
to  the  rest  in  this  class  than  in  any  other.     The  pair  in  front  of  this  are  n9^ 
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the  hemispheres  or  Ihe  Cerebrum,  as  iheir  large  size  in  some  instances  (the 
Cod  for  instance]  might  lead  us  to  suppose;  but  they  are  immediately  con- 
neeied  with  the  Optic  nerve,  which,  in  fact,  terminates  in  tiiem,  and  are 
therefore  to  be  considered  (like  the  chief  part  of  the  cephalic  masses  of  In- 
Krlebraled  animals)  as  Optic  Ganglia.  In  front  of  these  are  the  Cerebral 
Hemispheres,  which  are  small,  generally  destitute  of  convolutions,  and 
possess  no  ventricle  in  their  interior,  except  in  the  Sharks  and  Rays,  in 
which  ihey  are  much  more  highly  developed  than  in  the  Osseous  Fishes. 
Interior  to  these  is  another  pair  of  ganglionic  enlargements,  from  which  the 
Olbctqry  serves  arise;  and  these  are,  dierefore,  correctly  designated  as  the 
Olfactive  tubercles  or  ganglia.  In  some  instances,  these  ganglia  are  not 
immediately  seated  upon  the  prolonged  spinal  cord,  but  are  connected  with 
it  by  long  peduncles;  this  is  the  case  in  the  Sharks:  and  we  are  thus  led  to 
perceive  the  real  nature  of  the  portion  of  the  trunk  of  the  Olfactory  nerve  in 
Maiit  which  lies  within  the  cranium,  and  of  its  bulbous  expansion  on  the 

Fig.  17. 
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Ethmind  bone.  Besides  these  principal  ganglionic  enlargements,  there  are 
oAn  aniBller  ones,  with  which  otiier  nerves  are  connected.  Thus,  in  the 
Shark,  we  find  a  pair  of  tubercles  of  conaiilRrable  size  at  the  origin  of  the 
Trifacial  nerves;  and  another  pair,  in  most  Fishes,  at  the  roots  of  the  Vagi. 
In  some  inatances,  too,  distinct  Auditory  ganglia  present  themselves. 

tl4.  The  Optir  I^bes  of  Fishes  have  no  analogy  whatever  with  the 
IWami  optici  of  Mammalia,  the  connection  of  which  with  the  Optic  nerves 
is  apparent  only.  They  are  rather  to  be  compared  with  the  Tubercula 
Qoadrigemina,  which  are  the  real  ganglia  of  the  Opiic  nene.  Their  ana- 
lagy  ia  not  ao  complete,  however,  to  these  bodies  in  the  fully-formed  Brain 
fi  Han,  u  it  is  to  certain  parts  which  occupy  their  place  at  an  earlier  period 
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The  TTtird  Vetilricle,  which  is  quile  dUlJDct  from  the  Corpora  Quadrige- 
mina,  is  hollowed  out,  as  it  were,  from  the  floor  of  the  Optic  Lobefi  of 

Fishes;  and  [he  Anterior  ComrniBSiire  bounds  its  front:  hence  these  must 
be  considered  as  analogous  to  the  parts  surrounding  the  Third  Ventricle,  as 
well  as  lo  the  Corpora  Quadrigemina.  This  is  made  evident  by  the  fact, 
observed  by  Miiller,  that,  in  the  Lamprey,  there  is  a  distinct  Lobe  of  the 
third  ventricle,  replacing  the  Optic  Lobes  of  other  fishes,  and  partly  giving 
origin  to  the  optic  nerves;  and  a  separate  vesicle,  analogous  to  the  Corpora 
Quadrigemina.  With  this  condition,  the  early  state  of  the  Brain  in  the 
embryo  of  the  Bird  and  Mammiferous  animal,  and  even  in  Man  himself, 
bears  a  very  close  correspondence.  The  EncephaJon  consists  at  this  time 
of  a  series  of  vesicles,  airanged  in  a  line  with  each  other,  of  which  those 
p,^  lg  tliat  represent  the  Cerebrum  are  the  small- 

est, whilst  that  which  represents  the  Ce- 
^  rebellum  is  the  largest.   The  latter,  as  in 

!^  Fishes,  is  single,  covering  the  fourth  ven- 

tricle on  the  dorsal  surface  of  the  Medulla 
Oblongata.  Anterior  to  this,  is  the  single 
vesicle  of  the  Corpora  Quadrigemina, 
from  which  the  Optic  nerve  chiefly  arises; 
this  has  in  in  its  interior  a  cavity,  the 
ventricle  of  Sylvius,  which  exists  even  in 
the  adult  Bird,  where  the  Corpora  Quad- 
rigemina are  pushed,  as  it  were,  from 
each  other  by  the  increased  development 
of  the  Cerebral  hemispheres.  In  front 
of  this  is  the  vesicle  of  lbs  Third  Ventri- 
enlarstKi  cle,  which  Contains  also  the  Thalami;  as 
J  development  proceeds,  this,  like  the  pre- 
lum apiici  and  ceding,  is  covered  by  the  enlarged  henii- 
>  fiir  eprewium  spheres;  whilst  its  roof  becomes  cleft  an- 
"«udjt^  teriorly  on  the  median  line,  so  as  to  form 
the  anterior  entrance  to  the  cavity.  Still 
more  anteriorly  is  the  double  vesicle, 
which  represents  the  hemispheres  of  the  Cerebrum;  this  has  a  cavity  on 
each  side,  the  floor  of  which  is  formed  by  the  corpora  striata.  The  cavity 
of  the  cerebral  vesicles  has  at  first  no  opening,  except  into  that  of  the  thinl 
ventricle;  at  a  later  period  is  formed  that  fissure  on  the  inferior  and  poste- 
rior side,  which  (under  the  name  of  the  fissure  of  Sylvius)  enables  the  mem- 
branes enveloping  the  brain  to  be  reflected  into  the  lateral  ventricles.  Thiu 
it  will  be  seen  that  the  real  analogy,  between  the  brain  of  the  Human  Cteiat 
and  that  of  the  aduit  Fish,  is  not  so  close  as,  from  the  resemblance  in  their 
external  form,  might  have  been  supposed. 

21B.  In  the  small  proportion  which  the  cerebral  hemispheres  bear  to  the 
other  parts,  there  is  evidently  a  very  close  correspondence;  and  this  extends 
also  to  the  general  simplicity  of  their  structure,  the  absence  of  convolutions, 
and  the  deficiency  of  commissures.  But  there  is  a  much  nearer  analogT 
between  the  fcetal  brain  of  the  Fish,  and  the  ^telal  brain  of  the  Mamataf; 
indeed,  at  the  earliest  period  of  their  formation,  they  could  not  be  distiit- 
guished;  during  iheir  advance  to  the  permanent  condition,  however,  each 
imdergoes  changes,  which  are  so  much  more  decided  in  the  higher  animala 
than  in  the  lower,  that  in  the  latter  there  seems  but  little  departure  from  the 
fcetal  condition,  whilst  in  the  former  the  condition  appears  entirely  changed. 
Hence  it  is  not  correct  to  usert,  as  is  frequently  done,— -that  the  Brain,  or 
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Fig.   19. 


3BJ  Other  organ,  in  the  higher  animals,  passes  through  a  scries  of  forms 
which  is  parallel  to  the  permanent  forms  of  the  same  organ  in  diflerent  parts 
of  the  animal  scale;  since  the  fact  is  rather,  that  the  more  nearly  all  are 
traced  back  to  their  first  origin,  the  closer  will  their  conformity  be  found  to 
Ke;  the  subsequent  development  of  each  taking  place  not  only  in  various 
degrees,  but  in  different  modes  or  directions;  so  that  the  resemblances  pre- 
sented by  the  higher,  at  different  epochs  of  their  evolution,  to  the  permanent 
conditioDS  of  the  lower,  are  often  far  from  being  complete.*  This  we  have 
seen  to  be  the  case  in  the  present  instance;  the  vesicle  of  the  Corpora 
Qnadrigemina,  and  that  of  the  Third  Ventricle,  uniting  to  form  the  Optic 
Lobes  of  Fishes,  whilst  in  the  higher  Vertebrata  they  remain  distinct;  so 
that  there  is  no  single  part  with  which  the  Optic  Lobes  can  be  properly 
compared,  either  in  the  fcetal  or  perfect  state  of  the  Human  Brain. 

216.  The  Brain  of  Reptiles  does  not  show  any 
considerable  advance  in  its  general  structure  above  that 
of  Fishes;  bat  the  Cerebral  hemispheres  are  usually 
much  larger  in  proportion  to  the  Optic  lobes,  whilst 
the  Cerebellam  is  smaller.     The  very  low  develop- 
ment of  the  Cerebellum  is  especially  seen  in  the  Frog 
(Fig.  13)9  in  which  it  is  so  small,  as  not  even  to  cover 
in  the  Fourth  Ventricle;  but  it  is  common  to  nearly 
the  whole  group.     The   deficiency  in  commissures 
still  exists  to  a  great  extent.     The  Anterior  Com  mis- 
rare  in  front  of  the  third  ventricle  is  the  only  uniting 
band  which  can  be  distinctly  traced  in  Fishes;  and 
Reptiles  have,  in  addition  to  this,  a  layer  of  uniting 
fibres  which  may  be  compared  to  the  fornix;  but  as 
yet,  there  is  no  vestige  of  a  true  Corpus  Callosum,  or 
great  transverse  commissure  of  the  hemispheres.  The 
oistinction  between  the  tubercula  qnadrigemina,  and 
the  parts  enclosing  the  third  ventricle,  is  more  obvious 
than  in  Fishes;  in  fact  the  Optic  ganglia  of  Reptiles 
correspond  pretty  closely  with  the  Vesicle  of  the  tu- 
bercula qnadrigemina  in  the  brain  of  the  festal  Mam- 
mal. 

217.  This  is  still  more  evident  in  Birds,  in  whose  {"active  ganglia;  b,  cerebral 

bncephalon  the  Tubercula  Quaurigemma  or  Optic  giia;  d,  cerebellum. 
Ganglia,  and  the  Thalami  with  their  included  ventri- 
de,  arc  obviously  very  distinct  parts.  In  the  Bird,  the  Cerebral  Hemispheres 
Utain  a  great  increase  of  development,  and  arch  backwards,  so  as  partly  to 
cover  the  Optic  ganglia,  which  are  also  thrown  to  one  side.  The  Cerebel- 
hm  also  is  much  increased  in  size,  proportionably  to  the  Medulla  Oblongata 
»id  its  ganglia;  and  it  is  sometimes  marked  with  transverse  lines,  which 
ndicate  the  intermixture  of  grey  and  white  matter  in  its  substance;  there  is 
vyet,  however,  no  appearance  of  a  division  into  hemispheres.  On  draw- 
ing apart  the  hemispheres  of  the  Cerebrum,  the  Corpora  Striata,  Optic 
Thalami,  and  Tubercula  Qnadrigemina  or  Optic  Ganglia,  are  seen  beneath 
km;  the  size  of  the  last  still  bears  a  considerable  proportion  to  that  of  the 
^olc  Encephalon.  The  Optic  ganglia  are  still  hollow,  as  they  arc  in  the 
embryo  condition  of  Man.  Indeed  the  Brain  of  the  Human  fcrtus  about  the 
^elfth  week  will  bear  comparison,  in  many  respects,  with  that  of  the  Bird. 


Brain  of  Turtlr;   a,  ol- 


•  For  a  foil  examination  of  ihis  interesting  question,  bee  General  and  Comparaiive 
Pby^iology,  f  24-1. 
21 
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The  Cerebral  hemispheres,  much  iDcreaaed  in  alze,  and  arching  back  over 
the  Thalami  and  Optic  ganglia,  but  destitute  of  convolulious  and  deficient 
in  commissures, — the  large  cavity  siitl  eiisting  in  the  Optic  ganglia,  and 
freely  communicating  with  the  third  ventricle, — and  the  iraperrecl  evolution 
of  the  Cerebellum, — make  the  correspondence  in  the  general  condition  of 
the  two  very  considerable. 


Fig.  21. 


BnlD  of  huDiBn  emtirjo  u  t««1flh  week.  : 
a,  GOTpofm  qupdrjf ejnlDa;  &«&,  hemiBpherea;  d,  i 
g.  Boor  of  ihlrd  veDlriclo;  i,  oKucwry  nerve.  (A 


igiM;  /,  optic  UuUmuit 


21B.  The  Brain  of  the  lowest  Mammalia  prcsenls  but  a  slight  advance 
upon  that  of  Birds,  in  regard  both  to  the  relative  proportions  of  its  parts,  knd 
to  their  degree  of  development.  Thus,  in  the  Marsupialia,  the  Cerebnl 
hemispheres  exhibit  no  convolutions;  and  the  great  transverse  commissure, 
—the  Corpus  Callosum,— is  deficient.  There  is  gradually  to  be  noticed, 
however,  in  ascending  the  scale,  a  backward  prolongation  of  the  Cerebrd 
hemispheres;  so  that  first  the  Optic  ganglia,  and  then  the  Cerebellum,  an 
covered  by  them.  The  latter  partly  shows  itself,  however,  in  all  but  tba 
Quadrumana,  when  we  look  at  the  brain  from  above  downvrards;  in  the 
Rabbit,  the  brain  of  which  is  among  the  lowest  in  its  character  of  those  o( 
the  true  Viviparous  Mammalia,  nearly  the  whole  of  the  Cerebellum  ia  an> 
covered.  In  proportion  to  the  increase  of  the  Cerebral  hemispheres,  there 
is  a  diminution  in  the  size  of  the  ganglia  immediately  connected  with  the 
organs  of  sense;  and  this  in  comparison  not  only  with  the  rest  of  the  Elh 
cephalon,  but  even  with  the  Spinal  Cord;  so  that  in  Man  the  tubercob  j 
qnadrigemina  are  absolutely  smaller  than  tiiey  are  In  many  animalfl  of  te   ''■ 


FONCTlONfl  or  THE  CEPHALIC  NERVES. 
Fig.  !fi). 


Vpptti 
cial;  at,  abdaceiu; /a 


l«r  tarttct  at  Bnin  of  Babbtt,  i,  i,  d,  u  btfon;  of,  olfactlva  lotwa;  Dp,  aptJc  i 
pvt,  coqHTV  nuniUarlft;  ce,  cnu  carebrt^  pp,  pDDB  larolll;  pa,  pUheil 
'      ■    ■■        ,«udilo[7[  rog-,  Tigu;  »      '"  '  '       ' 


ccsHoij;  Anp,  hypoglonaJ. 


tnTerior  size.  The  iaternal  Btmctiire  of  the  hemispheres  becomes  more 
complex,  in  the  same  proportion  with  their  size  and  the  depth  of  the  con- 
Tolntions;  and  in  Man  all  these  conditions  present  themselves  in  a  far  higher 
degree  than  in  any  other  animal.  In  fact  it  is  only  among  the  Ruminanlia, 
PachydemiBta,  Carnivora,  and  Quadramana,  that  regular  conTolutions  can 
be  sud  to  exist.  The  correspondence  between  the  bulbous  expansion  of 
the  Olfactive  Nerves,  in  Mammalia,  and  the  Olfactive  lobes  of  the  lower 
Tertebrata,  is  made  evident  by  the  presence,  in  both  instances,  of  a  cavity 
which  commnnicates  with  the  lateral  ventricle  on  each  side;  it  is  in  Man 
only  that  this  cavity  is  wanting.  The  external  form  of  the  Corpora  Quad- 
ligemina  of  Mammalia  differa  from  ihat  of  the  Optic  ganglia  of  Birds,  owing 
to  the  division  of  the  former  into  anterior  and  posterior  eminences;  and 
lltera  is  also  an  internal  difference,  occasioned  by  the  contraction  of  the 
avity,  which  now  only  remains  as  the  Aqueduct  of  Sylvius.  The  Cere- 
beUnm  is  chiefly  remarkable  for  the  development  of  its  lateral  parts  or 
hemispheres;  the  central  portion,  sometimes  called  the  vermiform  process, 
ii  telatirely  less  developed  than  in  the  lower  Vertebrata,  in  which  it  forms 
de  whole  of  the  organ. 

Functions  of  the  Cephalic  Nerves. 

S19.  Before  proceeding  to  inquire  into  the  functions  of  the  difierenl  parts 

of  flie  Encephalon,  it  seems  desirable  to  bring  together  what  is  known  in 

icgard  to  the  functions  of  the  Nerves  specially  connected  with  them;   so 

[     Aal,  by  tracing  their  connections,  wc  may  be  able  to  obtain  some  light  upon 

'      4nB  Tery  obscure,  though  most  interesting  and  important  subject. 

KO.  That  the  First  pair,  or  Olfactory  nerves,  minister  to  the  sense  of 
Smell,  has  long  been  known;  yet  it  could  not  be  predicated  without  experi- 
mental inquiry,  that  it  is  not  a  conductor  of  the  impressions  which  produce 
frdinary  sensation,  nor  that  it  is  destitute  of  power  of  exciting  muscular 
movement,  either  by  direct  or  reflex  action.  Although,  as  we  have  just 
■ow  aeen,  what  are  commonly  regarded  as  the  trunks  of  the  Olfactory 
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nerves  arc  really  the  peduncles,  by  which  the  bulbous  expansions  lying  on 
the  cribriform  plate  of  the  ethmoid  bone  (in  other  words,  the  Olfactory 
Ganglia)  are  connected  with  the  rest  of  the  Encephalon  and  with  the  Me- 
dulla Oblongata, — yet  as  no  other  nerves  proceed  from  these  ganglia,  than 
those  distributed  to  the  Organ  of  Smell,  it  is  evident  that  experiments  upon 
what  are  generally  spoken  of  as  the  trunks  of  the  Olfactory  nerves,  will 
afford  information  nearly  as  satisfactory,  in  regard  to  the  functions  of  the 
nerves  proceeding  from  the  bulbs,  as  if  they  were  really  so.  Anatomical 
examination  of  the  distribution  of  this  nerve,  proves  that  it  is  not  one  which 
directly  conveys  motor  influence  to  any  muscles;  since  all  its  branches  arc 
distributed  to  the  membrane  lining  the  nasal  cavity.  Experimental  inquiry 
leads  to  the  same  result;  for  no  irritation  of  the  peduncles  or  branches  excites 
any  muscular  movement.  Further,  no  irritation  of  any  part  of  this  nerve 
excites  reflex  actions  through  other  nerves.  Again,  it  is  not  a  nerve  of 
common  sensation;  for  animals  exhibit  no  sign  of  pain  when  it  is  subjected 
to  any  kind  of  irritation.  Neither  the  division  of  the  nerve  nor  the  destruc- 
tion of  the  olfactive  ganglia,  seems  to  inconvenience  them  materially.  They 
take  their  food,  move  with  their  accustomed  agility,  and  exhibit  the  usual 
appetites  of  their  kind.  The  common  sensibility  of  the  parts  contained  in 
the  olfactive  organ  is  in  no  degree  impaired,  as  is  shown  by  the  effect  of 
irritating  vapours;  but  the  animals  are  destitute  of  the  sense  of  smell,  as  is 
shown  by  the  way  in  which  these  vapours  affect  tliem.  At  first  they  appear 
indifferent  to  their  presence;  and  then  suddenly  and  vehemently  avoid  them, 
as  soon  as  the  Schneiderian  membrane  becomes  irritated.  Moreover,  if  two 
dogs,  with  the  eyes  bandaged,  one  having  the  olfactory  nerves  and  ganglia 
sound,  and  the  other  having  had  them  destroyed,  are  brought  into  the  neigh- 
bourhood of  the  dead  body  of  an  animal,  the  former  will  examine  it  by  its 
smell;  whilst  the  latter,  even  if  he  touches  it,  pays  no  attention  to  it.  This 
experiment  Valentin  states  that  he  has  repeated  several  times,  and  always 
with  the  same  results.  Further,  common  observation  shows  that  sensibility 
to  irritants,  such  as  snuff,  and  acuteness  of  the  power  of  smell,  bear  no 
constant  proportion  to  one  another;  and  there  is  ample  pathological  evidence, 
that  the  want  of  this  sense  is  connected  with  some  morbid  condition  of  the 
olfactory  nerves  or  ganglia.  It  is  well  known  that  Magendie  has  maintained, 
that  the  Fifth  pair  in  some  way  furnishes  conditions  requisite  for  the  egjoy- 
ment  of  the  sense  of  smell;  asserting  that,  when  it  is  cut,  the  animal  is  de* 
prived  of  this.  But  his  experiments  were  made  with  irritating  vapours, 
which  excite  sternutation  or  other  violent  muscular  actions,  not  through  tlie 
olfactory  nerve,  but  through  the  fifth  pair;  and  the  experiments  of  Valentin, 
just  related,  fully  prove  that  the  animals  arc  not  sensitive  to  odours^  strictly 
so  called,  afler  the  Olfactory  has  been  divided.  It  is  by  no  means  improbable, 
however,  that  the  acuteness  of  the  true  sense  of  smell  may  be  diminished 
by  section  of  the  Fifth  pair;  since  the  olfactory  membrane  is  no  longer  duly 
moistened  by  its  proper  secretion,  and,  when  dry,  it  is  not  so  susceptible  of 
the  impressions  made  by  those  minute  particles  of  odoriferous  substances, 
to  which  the  excitement  of  the  sensation  must  be  referred. 

221.  That  the  Second  pair,  or  Optic  nerves,  have  an  analogous  charao* 
tcr,  appears  alike  from  anatomical  and  experimental  evidence.  No  chemi- 
cal or  mechanical  stimulus  of  the  nerve  produces  direct  muscular  motion; 
nor  docs  it  give  rise,  so  far  as  can  bo  ascertained,  to  indications  of  pain; 
whence  it  may  be  concluded,  that  this  nerve  is  not  one  of  common  sensation* 
That  the  ordinary  sensibility  of  the  eyeball  remains  when  the  functions  of 
the  Optic  nerve  arc  completely  destroyed,  is  well  known;  as  is  also  the 
fact,  that  division  of  it  puts  an  end  to  the  power  of  vision.     Valentin  states 
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lliat,  allhough  the  Oplic  nerve  may,  like  other  nerves,  be  in  appearance 
completely  regenerated,  he  has  never  been  able  to  obtain  any  evidence  that 
the  power  of  sight  has  been  in  the  least  degree  recovered.  He  remarks  that 
animals  suddenly  made  blind  exhibit  great  mental  disturbance,  and  perform 
many  unaccustomed  movements;  and  Uiat  the  complete  absence  of  the  power 
of  vision  is  easily  ascertained.  Morbid  changes  are  sometimes  observed  to 
take  place  in  eyes  whose  Optic  nerve  has  been  divided;  but  these  are  by  no 
means  so  constant  or  so  extensive,  as  when  the  Fifth  pair  is  paralyzed;  and 
they  may  not  improbably  be  attributed  to  the  injury  occasioned  by  the 
operation  itself  to  the  parts  within  the  orbit.  It  is  well  known  that,  when 
amaurosis  is  produced  by  a  morbid  condition  of  the  Optic  nerve  alone,  the 
eye  retains  its  usual  appearance;  but,  if  the  amaurosis  be  complete,  the 
texture  of  the  Retina  undergoes  a  remarkable  change,  ceasing  to  exhibit 
that  peculiar  structure  which  normally  characterizes  it.  Neither  primitive 
nervous  fibrils,  nor  nucleated  globules,  can  be  distinguished  in  it;  and  the 
yellow  spot  of  Soemmering  becomes  paler,  and  is  at  last  undistinguishable. 
But  if  a  Tery  slight  degree  of  sensibility  to  light  remain,  these  changes  are 
much  less  decided.  Further,  it  is  well  known  that,  when  the  sight  is  de- 
stroyed by  a  disease  or  injury  which  prevents  the  passage  of  light  through 
the  pupil,  the  whole  eye  becomes  more  or  less  atrophied;  and  the  Retina 
and  Optic  nerve,  although  previously  sound,  are  found  after  death  (if  the 
morfold  condition  have  lasted  sufficiently  long)  to  have  lost  their  charac- 
teristic structure.  It  seems  evident,  then,  that  the  continuance  of  the  func- 
tional operations  of  nerves,  is  a  necessary  condition  of  the  maintenance  of 
their  normal  organization;  and  we  can  very  well  understand  that  this  should 
be  the  case,  from  the  analogy  of  other  parts  of  the  system. 

222.  The  Optic  nerve,  though  analogous  to  the  Olfactory  in  all  the  points 
hitherto  mentioned,  differs  from  it  in  one  important  respect; — that  it  has  the 
power  of  conveying  impressions  which  shall  excite  reflex  muscular  motions. 
Tliifl  is  especially  the  case  in  regard  to  the  Iris,  the  ordinary  actions  of 
which  are  regulated  by  the  degree  of  light  impinging  on  the  retina.  When 
the  optic  nerve  is  divided,  a  contraction  of  the  pupil  takes  place;  but  this 
does  not  occur  if  the  connection  of  this  nerve  with  the  third  pair,  through 
the  nervous  centres,  be  in  any  way  interrupted.  After  such  division  (if 
complete),  the  state  of  the  pupil  is  not  affected  by  variations  in  the  degree 
oi  light  impinging  on  the  retina,  except  in  particular  cases  in  which  it  is 
influenced  through  other  channels.  Thus,  in  a  patient  suffering  under 
amaurosis  of  one  eye,  the  pupil  of  the  affected  eye  is  often  found  to  vary  in 
size  in  accordance  with  that  of  the  other  eye;  but  this  effect  is  ]^roduced  by 
the  action  of  light  on  the  retina  of  the  sound  eye,  which  produces  a  motor 
change  in  the  third  pair  on  both  sides.  Further,  as  has  been  formerly  stated 
($  205),  the  impression  only  of  light  upon  the  retina  may  give  rise  to  con- 
traction of  the  pupil,  by  reflex  action,  when  the  optic  nerve  is  itself  sound; 
whilst  no  sensations  are  received  through  the  eye,  in  consequence  of  disease 
in  the  sensorial  portion  of  the  nervous  centres.  Another  cause  has  been 
pointed  out  by  Valentin,  for  the  influence  of  light  in  causing  contraction  of 
the  pupil*  and  vice  versa; — that,  if  the  rays  impinge  upon  the  iris,  a  reflex 
Btinnilation  is  produced  through  the  fifth  pair;  and  he  remarks  that  the  sus- 
ceptibility of  the  iris  to  this  kind  of  influence  seems  much  increased  after 
the  optic  nerve  has  been  divided.  Resides  the  contractions  of  the  pupil, 
another  action,  which  has  been  sometimes  spoken  of  as  rcllex,  is  produced 
through  the  optic  nerve, — the  contraction  of  the  orbicularis  under  the  iu- 
floence  of  strong  light,  or  when  a  foreign  body  is  suddenly  brought  near  the 
eye.     But  this  cannot  be  produced  by  any  mechanical  stimulation,  and  it 


?rNCT10NS  I 


r  THE  KERVOra  STaTEM. 


e  lo  the  CO^^^ 


evidently  invoWes  nentalion;  in  fact,  il  is  a  movemenl  of 

kind,  produced  by  ihe  painful  effect  of  light,  which  gives  ri: 

dition  well  characterized  by  the  terra  photophobia.     The  involuntiiiy  e 

racier  of  it  must  be  evident  lo  every  one  who  has  been  engngetl  to  itie 

Irealment  of  diseases  of  the  eyeai  and  Ihe  effect  of  it  is  sided  by  a  similarly 

fnvolunlary  movement  of  the  eyeball  itself,  which  is  related  upwards  nnd 

inwards  lo  a  greater  extent  than  the  will  appears  able  lo  effect. 

323.  It  will  ho  convenient  next  to  advert  lo  the  .Auditory  nerve,  or 
Portio  Motth  of  the  Seventh;  the  functions  of  which  are  easily  determined, 
by  anatomical  examination  of  its  distribution,  and  by  observation  of  patho- 
logical phenomena,  to  be  analogous  lo  those  of  the  two  preceding.  Atro- 
phy or  lesion  of  the  inink  destroys  ihe  sense  of  hearing;  whilsi  irritalion  of 
il  produces  auditory  sensations,  but  does  nol  occasion  pain.  From  expwi- 
ments  made  npon  ihe  nerve  before  it  leaves  the  cranial  cavity,  it  appears 
■alisfaclorily  ascertained,  thai  this  nerve  has  no  molor  power,  cither  of  a 
direct  or  reflex  character,  and  ihat  it  is  nol  endowed  with  common  sensi- 
hility.  It  is  inlerevling  lo  remark,  that  microscopic  examinatioD  of  its 
structure  clearly  indicates  iia  intermediate  characler,  between  ihe  nerves  of 
special  sensation  issuing  from  Ihe  anterior  part  of  the  cranium, — namely, 
ihe  Opiic  and  Olfactory, — and  those  whose  function  is  to  minister,  oitlier  to 
common  sensation,  or  to  ihal  of  taste  which  approaches  nearly  to  il,— 
namely,  the  Fifih  pair  and  the  Glosso-pharyngeal, — which  issue  from  the 
posterior  part  of  the  Encephalon,  and  are  more  nearly  analogous  to  A« 
Spinal  nerves.  The  primiiive  fibres  are  not  so  aofi  sb  those  of  the  OlfactiT| 
nor  so  slender  as  ihose  of  the  Optic;  and  ihey  are  solier  than  those  of  1 
Glosso-pharyngeal.  Moreover,  the  Auditory  nerve  forms  a  plexus  wilhf 
Facial,  lo  which  there  is  no  analogy  in  the  Oplic  and  Olfaclive  ncrvM.r 
to  which  a  similar  one  exists  in  the  Glosso-pharjngeal.  This  ii 
structural  character  is  interesting  when  we  compare  il  with  tlic  inlermediatS 
character  of  the  function:  for  the  impressions  made  npon  il  are  produced 
through  vibrations  of  n  material  fluid, — inelead  of  being,  as  in  the  cnse  of 
sight,  the  result  of  changes  so  subtle  as  to  be  almost  inscrtilable  to  our 
means  of  research, — or,  as  in  the  caes  of  lasie  and  louch,  being  pratluesd 
by  the  direct  contact  of  the  subetance  which  gives  rise  to  the  sensation. 

224.  Passing  by  for  the  present  the  Motor  nerves  of  the  Orbii,  ns  eon- 
siiluting  a  distinct  subject  for  future  inquiry,  we  may  advantageously  pro- 
ceed with  ihe  other  Sensory  nerves  connected  with  the  Encephaion.  Il 
should  be  noticed,  however,  thai  the  Third  pair,  or  Motor  Oculi,  cenainly 
possesses  some  degree  of  sensibility,  as  is  evidenced  by  the  signs  of  patll 
given  by'llie  animal  when  il  is  cul  or  compressed;  but  this  sensibility  is  not 
nearly  so  greai  as  that  of  the  Fifth  pain  and  il  may  be  doubted  whether 
it  is  possessed  by  it  in  virtue  of  its  direct  connection  with  ihe  nervoaa 
centres,  or  whether  il  does  nol  derive  it  by  ils  anastomosis  with  ihe  FifUl 
pair,  some  filamenis  of  which  may  pass  backwards  as  well  as  forwards,  m 
■s  to  confer  sensibility  on  ihe  Third  pair,  both  before  and  after  iheir  jnno- 
tion  with  it  No  sensory  fibres  can  be  proved  lo  exist  in  llio  Fourth  »Oil 
Sixth  nerves. 

%'lb.  Wb  next  come  to  the  Fifth  pair,  or  Trifacial,  the  true  nature  of  lli#i| 
functions  of  which  whs  ascertained  in  pari  by  Sir  C  Bell;  his  vieva  i 
ceiving  modificalion,  however,  I'rom  Ihe  experimental  researches  of  o 
Ab  formerly  slated,  il  poespsscs  two  distinct  sets  of  roots,  of  which  c 
much  turgor  thnn  the  oiher;  on  ihe  larger  root,  as  on  tlic  posterior  ^ 
the  Rpinitf  nerves,  is  n  ilislinct  ganglion;  and  the  fibres  arising  from  | 
amalkr  root  do  nol  blend  with  th«  others,  until  afier  the  latter  hare  pai 
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through  this  ganglion.  The  trunk  of  the  nerve  separates,  as  is  well  known» 
into  Uiree  divisions, — The  Ophthalmic,  the  Superior  Maxillary,  and  the 
Inferior  Maxillary;  and  it  can  easily  he  shown  by  careful  dissection,  that 
the  fibres  of  the  smaller  root  pass  into  the  third  of  these  divisions  alone. 
When  the  distribution  of  this  nerve  is  carefully  examined,  it  is  found  that 
the  first  and  second  divisions  of  it  proceed  almost  entirely  to  the  skin  and 
mucous  surfaces,  a  very  small  proportion  only  of  its  fibres  being  lost  in  the 
muscles;  but  of  the  branches  of  the  third  division,  a  large  part  are  distinctly 
muscular.  Hence  analogy,  and  the  facts  supplied  by  anatomical  research, 
would  lead  to  the  conclusion,  that  the  two  first  divisions  are  nerves  of  sen- 
sation only,  and  that  the  third  division  combines  sensory  and  motor  endow- 
ments. Such  an  inference  is  fully  borne  out  by  experiment.  When  the 
whole  trunk  is  divided  within  the  cranium  (as  Magendie,  by  frequent 
practice*  has  been  able  to  accomplish),  evident  signs  of  acute  pain  are  given. 
After  the  incision  has  been  made  through  the  skin,  the  animal  remains  quiet 
until  the  nerve  is  touched;  and  when  it  is  pressed  or  divided,  doleful  cries 
are  uttered,  which  continue  for  some  time,  showing  the  painful  effect  of  the 
irritated  stale  of  the  cut  extremity.  The  common  sensibility  of  all  the  parts 
supplied  by  this  nerve  is  entirely  destroyed  on  the  affected  side.  The  jaw 
doea  not  hang  loosely,  because  it  is  partly  kept  up  by  the  muscles  of  the 
other  side;  but  it  falls  in  a  slight  degree;  and  its  movements  are  seen,  when 
carefully  observed,  to  be  somewhat  oblique.  If  the  trunk  be  divided  on 
each  side,  the  whole  head  is  deprived  of  sensibility;  and  the  animal  carries 
it  in  a  curious  vacillating  manner,  as  if  it  were  a  foreign  body. 

826.  If  the  anterior  or  Ophthalmic  branch  only  be  divided,  all  the  parts 
supplied  by  it  are  found  to  have  lost  their  sensibility,  but  their  motions  are 
unimpaired;  and  all  experiments  and  pathological  observations  concur  in 
attribating  to  it  sensory  endowments  only.  The  only  apparent  exception 
ia  in  the  case  of  the  Naso-Ciliary  branch;  since  there  is  good  reason  to 
believe  that  the  long  root  of  the  ciliary  ganglion,  and  the  long  ciliary  nerves, 
possets  motor  powers;  but  these  appear  to  be  derived  from  the  Sympathetic 
nerve.  When  the  whole  nerve,  or  its  anterior  branch,  is  divided  in  the 
rabbit,  the  pupil  is  exceedingly  contracted,  and  remains  immovable;  but  in 
do^  and  pigeons  it  is  dilated.  The  pupil  of  the  other  eye  is  scarcely 
affected;  or,  if  its  dimensions  be  changed,  it  soon  returns  to  its  natural  state. 
The  eyeball  speedily  becomes  inflamed,  however;  and  the  inflammation 
usually  runs  on  to  suppuration  and  complete  disorganization.  The  com- 
meacement  of  these  changes  may  be  commonly  noticed  within  twenty-four 
hours  after  the  operation;  and  they  appear  to  be  due  to  the  want  of  the  pro- 
teetive  secretion,  which  (as  will  be  explained  when  the  direct  influence  of 
the  nervous  system  upon  the  organic  functions  is  considered)  is  necessary 
to  keep  the  mucous  surface  of  the  eye  in  its  healthy  condition,  and  which  is 
Dot  formed  when  the  sensibility  of  that  surface  is  destroyed.  The  Superior 
Maxillary  branch,  considered  in  itself,  is  equally  destitute  of  motor  endow- 
oMUts  with  the  ophthalmic;  but  its  connections  with  other  nerves,  through 
the  spheno-palatine  ganglion  and  its  anastomosing  twigs,  may  introduce  a 
few  motor  fibres  into  it.  The  Inferior  Maxillary  branch  is  the  only  one 
which  possesses  motor  as  well  as  sensory  endowments  from  its  origin;  but 
its  different  subdivisions  possess  these  endowments  in  varying  proportions, 
•onie  being  almost  exclusively  motor,  and  others  as  completely  of  a  sensory 
character.  The  latter  is  probably  the  nature  of  the  Lingual  branch;  and 
there  seems  good  reason  to  believe,  as  will  presently  be  shown,  that  this 
Binisters  not  only  to  the  tactile  sensibility  of  the  tongue,  but  to  the  sense  of 


168  FUNCTIONS  OF  THE  NERVOUS  SYSTEM. 

taste.     The  muscles  put  in  action  by  this  branch  of  the  Fifth  pair  arc  solely 
those  concerned  in  the  masticatory  movements. 

227.  The  Portio  Dura  of  the  Seventh  pair,  or  Facial  nerve,  has  been 
supposed,  since  the  first  researches  of  Sir  C.  Bell,  to  be  a  nerve  of  motion 
only;  but  some  recent  physiologists  have  maintained,  that  it  both  possesses 
sensory  endowments,  and  arises  by  a  double  root.  The  latter  assertion  is 
quite  fallacious;  and  the  most  carefully-conducted  experiments  do  not  bear 
out  the  former.  By  exposing  the  roots  of  the  Seventh  pair  within  tlie 
cranium,  Valentin  ascertained  that  it  possesses  no  sensory  endowments  at 
its  origin;  since,  when  these  were  touched,  the  animals  gave  no  signs  of 
pain,  though  violent  muscular  movements  were  excited  in  the  face.  Sub- 
sequently to  its  first  entrance  into  the  canal  by  which  it  emerges,  however, 
it  anastomoses  with  other  nerves;  and  thus  sensory  fibres  are  introduced 
into  it  from  many  different  sources, — anteriorly,  from  the  Fifth  pair,  and 
posteriorly,  from  the  Cervical  nerves, — which  cause  irritation  of  various  of 
its  branches  to  produce  pain.  The  number  and  situation  of  the  anastomoses 
vary  much  in  different  animals;  so  that  it  is  impossible  to  make  any  very  com- 
prehensive statement  in  regard  to  them.  Experimental  researches  leave  no 
doubt,  that  the  Portio  Dura  is  the  general  motor  nerve  of  tlie  face;  minis- 
tering to  the  influence  of  volition  and  of  emotion,  and  also  being  the  chan- 
nel of  the  refiex  movements  concerned  in  respiration  and  other  associated 
movements  of  the  muscles;  but  not  being  in  the  least  concerned  in  the  act 
of  mastication. 

228.  The  functions  of  the  GhaaO'Pharyngeal  nerve  have  been  heretofore 
alluded  to  in  part;  but  there  still  remain  several  questions  to  be  discussed  in 
regard  to  them.  Reasons  have  been  given  for  the  belief  that  it  is  chiefly  an 
afferent  nerve,  scarcely  having  any  direct  power  of  exciting  muscular  con- 
traction, but  conveying  impressions  to  the  Medulla  Oblongata,  which  pro- 
duce reflex  movements  of  the  other  nerves  (^  192).  Some  experimenters 
assert,  that  they  have  succeeded  in  exciting  direct  muscular  actions  tliroogh 
its  trunk.  This  is  by  no  means  impossible;  but  if  the  truth  of  the  statement 
be  admitted,  it  does  not  invalidate  the  inferences  regarding  the  general 
function  of  the  nerve,  deduced  by  Dr.  Reid  from  minute  anatomicsd  inves- 
tigation, and  from  a  large  number  of  experiments.  Much  controversy  has 
taken  place  on  the  question,  whether  this  nerve  is  to  be  regarded  as  minis- 
tering, partly  or  excfusively,  to  the  sense  of  Taste;  and  many  high  autho- 
rities have  ranged  themselves  on  each  side.  The  question  involves  that  of 
the  function  of  the  Lingual  branch  of  the  Fifth  pair;  and  it  is  partly  to  be 
decided  by  the  anatomical  relations  of  the  two  nerves  respectively.  The 
glosso-pharyngeal  is  principally  distributed  on  the  mucous  surface  of  the 
fauces,  and  on  the  back  of  the  tongue.  According  to  Valentin,  it  sends  a 
branch  forwards,  on  either  side,  somewhat  beneath  the  lateral  margin,  which 
supplies  the  edges  and  inferior  surface  of  the  tip  of  the  tongue,  and  inoscu- 
lates with  the  Lingual  branch  of  ilie  Fifth  pair.  On  the  other  hand,  the 
upper  surface  of  the  front  of  the  tongue  is  supplied  by  this  lingual  branch. 
The  experiments  of  Dr.  Alcock,  whose  conclusions  are  borne  out  by  Dr.  J. 
Reid,  decidedly  support  the  conclusion,  that  the  gustativc  sensibility  of  thii 
part  of  the  tongue  is  due  to  the  latter  nerve,  being  evidently  impaired  by 
division  of  it.  Moreover,  cases  are  by  no  means  rare,  in  which  the  gusta- 
tivc sensibility  of  the  anterior  part  of  the  tongue  has  been  destroyed,  with 
its  tactual  sensibility;  wlicn  there  was  no  reason  to  suppose  that  any  other 
than  the  Fifth  pair  of  nerves  was  involved.*   On  the  other  hand,  it  is  equally 

•  Romberg,  in  Mailer's  Archiv.  1838.  Ileft  ni. 
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certain  that  the  sense  of  taste  is  not  destroyed  by  section  of  the  Lingual 
nerve  on  each  side;  and  it  seems  also  well  ascertained  that  it  is  impaired  by 
section  of  the  Glosso-pharyngeal  nerve.  Considering  how  nearly  allied  is 
the  sense  of  taste  to  that  of  touch,  and  bearing  in  mind  the  respective  distri- 
bation  of  these  two  nerves,  it  does  not  seem  difficult  to  arrive  at  the  conclu- 
sion, that  both  nerves  are  concerned  in  this  function;  but  there  seems  good 
reason  to  believe  the  glosso-pharyngeal  to  be  exclusively  that,  through  which 
the  impressions  made  by  disagreeable  substances  taken  into  the  mouth  are 
propagated  to  the  Medulla  Oblongata,  so  as  to  produce  nausea  and  to  excite 
efforts  to  vomit. 

229.  The  functions  of  the  Par  Vagum  at  its  roots  have  lately  been  made 
the  snbject  of  particular  examination  by  Valentin;  and  he  has  arrived  at  the 
very  interesting  result,  that  it  there  possesses  no  motor  power,  but  is  en- 
tirely a  sensory  or  rather  an  afferent  nerve.     He  states  that,  if  the  roots  be 
carefully  separated  from  those  of  the  Glosso-pharyngeal,  and  (which  is  a 
matter  of  tome  difficulty)  from  those  of  the  Spinal  Accessory  nerve,  and  be 
then  irritated,  do  movements  of  the  organs  supplied  by  it  can  be  observed. 
On  the  other  hand,  if  the  roots  be  irritated  whilst  in  connection  with  the 
nervous  centres,  muscular  contractions,  evidently  of  a  reflex  character,  re- 
sult from  the  irritation;  and  strong  evidences  of  their  sensibility  are  also 
given.     On  the  other  hand,  again,  when  the  roots  of  the  Spinal  Accessory 
nerve  are  irritated,  no  indications  of  sensation  are  given;  but  the  muscular 
parts  supplied  by  the  Par  Vagum,  as  well  as  by  its  own  trunk,  are  made  to 
contract,  even  when  the  roots  are  separated  from  the  nervous  centres;  so 
that  these  roots  must  be  regarded  as  the  channel  of  the  motor  influence 
transmitted  to  them  from  the  Medulla  Oblongata.     When  the  Par  Vagum 
swells  into  the  jugular  ganglion,  an  interchange  of  fibres  takes  place  be- 
tween it  and  the  Spinal  Accessory;  but  many  more  fibres  can  be  traced  from 
the  latter  into  the  former,  than  from  the  former  into  the  latter.     Hence  it 
results  that,  of  the  branches  into  which  the  Par  Vagum  subsequently  divides, 
many  enjoy  a  high  degree  of  motor  power;  while  those  of  the  Spinal  Ac- 
cessory do  not  appear  to  possess  any  great  share  of  sensibility.     The  pha- 
ryngeal branches  are  among  the  most  decidedly  motor  of  all  those  given  off 
from  th^Pneumogastric;  and  these  may  in  great  part  be  traced  backwards 
into  the  Spinal  Accessory.     Hence  the  idea  of  Arnold  and  Scarpa, — that 
the  Par  Vagum  and  Spinal  Accessory  are  together  analogous  to  a  spinal 
nerve,  the  former  answering  to  the  posterior  roots,  and  the  latter  to  the 
anterior, — appears  sufficiently  probable.     In  regard  to  its  trunks  however, 
the  Par  Vagum  must  of  course  be  considered  as  a  nerve  of  double  endow- 
ments.    The  chief  function  of  its  afferent  portion  is  to  convey  to  the 
Medulla  Oblongata  the  impression  produced  by  venous  blood  in  the  capil- 
laries of  the  lungs,  or  of  carbonic  acid  in  the  air-cells:  this  impression  may 
give  rise,  as  we  have  seen,  to  the  respiratory  movements,  without  producing 
sensation;  but,  if  it  be  from  any  cause  stronger  than  usual,  the  sense  of  un- 
easiness which  it  occasions  is  very  distressing.     This  impression  may  be 
imitated  by  pressure  on  the  nerve,  which  induces  an  immediate  inspiratory 
movement.     That  the  nerve  is  capable  of  conveying  those  impressions, 
which  become  sensations  when  communicated  to  the  sensorium,  is  further 
evuient  from  the  fact  that,  when  its  trunk  is  pinched,  the  animal  gives  signs 
of  acnte  pain.     Besides  the  pulmonary  impressions,  this  nerve  also  conveys 
to  the  Medulla  Oblongata  those  which  originate  in  the  mucous  surface  of 
the  larynx,  trachea,  and  bronchi,  as  well  as  on  the  lower  part  of  the  ceso- 
phagus  and  on  the  walls  of  the  stomach.     The  purpose  of  these  is  to 
stimulate  various  movements,  which  are  performed  through  the  motor  por- 
22 
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lion  of  the  trunk;  this  excites  the  actions  of  the  muscles  of  the  pharynx  and 
larynx,  of  the  oesophagus,  and,  in  some  degree,  of  the  stomach  and  respi- 
ratory tuhes. 

230.  The  section  of  the  Par  Vagum  produces,  as  would  readily  be  ex- 
pected, great  disorder  of  the  functions  of  Respiration  and  Digestion,  to  which 
it  ministers.  It  is  an  operation  which  has  been  very  frequently  performed; 
and  the  statements  of  its  results  vary  considerably  amongst  each  other,  being 
generally  influenced,  in  some  degree,  by  the  preconceived  views  of  the  ex- 
perimenter.* The  section  of  the  Par  Vagum,  when  practised  with  the  view 
of  ascertaining  the  influence  of  the  nerve  upon  the  lungs  and  stomach,  is 
usually  made  in  the  neck,  between  the  origins  of  the  superior  and  inferior 
(or  recurrent)  laryngeal  branches.  Hence  the  muscles  of  the  larynx  are 
paralyzed,  and,  if  the  animal  should  struggle  violently,  the  ingress  of  air  is 
likely  to  be  obstructed  by  the  flapping  down  of  the  arytenoid  cartilages,  and 
by  the  closure  of  the  glottis.  This  is  especially  the  case  in  young  animals, 
in  which  the  larynx  is  small.  But  in  those  that  are  full  grown,  and  have  a 
large  larynx,  an  adequate  quantity  of  air  may  still  And  its  way  through  the 
aperture,  if  the  animal  refrain  from  any  violent  eflbrt.  In  a  considerable 
number  of  Dr.  Reid's  experiments,  therefore,  he  did  not  find  it  necessary  to 
introduce  the  trachea-tube,  which  other  experimenters  have  generally  em- 
ployed; an  opening  was  made  into  the  trachea,  however,  in  those  instances 
in  which,  from  any  cause,  the  entrance  of  air  was  obstructed. 

231.  The  real  character  of  the  morbid  changes  in  the  lungs,  which  are 
induced  by  cutting  the  Par  Vagum,  the  order  in  which  they  arise,  and  the 
causes  to  which  they  are  immediately  due,  constitute  very  interesting  sub- 
jects of  investigation;  and  the  knowledge  of  them  will  probably  throw  light 
upon  many  ill-understood  morbid  phenomena.  In  the  first  place,  it  has 
been  fully  established  by  Dr.  Reid,  that  section  of  the  Vagus  on  one  side 
only  does  not  necessarily,  or  even  generally,  induce  disease  of  that  lung; 
and  hence  the  important  inference  may  be  drawn,  that  the  nerve  does  not 
exercise  any  immediate  influence  on  its  functions.  When  both  Vagi  are 
divided,  however,  the  animal  rarely  survives  long;  but  its  death  frequently 
results  from  the  disorder  of  the  digestive  functions.  Nevertheless  the  power 
of  digestion  is  sometimes  restored  sufliciently  to  re-invigorate  the  animals; 
and  their  lives  may  then  be  prolonged  for  a  considerable  time.  In  fifteen 
out  of  seventeen  animals  experimented  on  by  Dr.  Reid,  the  lungs  were  found 
more  or  less  unflt  for  the  healthy  performance  of  their  functions.  The  most 
common  morbid  changes  were  a  congested  state  of  the  blood-vessels,  and 
an  eflusion  of  frothy  serum  into  the  air-cells  and  bronchial  tubes.  Id  eight 
out  of  the  fifteen,  these  changes  were  strongly  marked.  In  some  portions 
of  the  lungs,  the  quantity  of  blood  was  so  great  as  to  render  them  dense. 
The  degree  of  congestion  varied  in  different  parts  of  the  same  lung;  but  it 
was  generally  greatest  at  the  most  depending  portions.  The  condensatioa 
was  generally  greater  than  what  could  be  accounted  for  by  the  mere  conges- 
tion of  blood  in  the  vessels,  and  probably  arose  from  the  escape  of  the  solid 
parts  of  the  blood  into  the  tissue  of  the  lung.  In  some  instances  the  con- 
densation was  so  great,  that  considerable  portions  of  the  lung  sank  in  watert 
and  did  not  crepitate;  but  they  did  not  present  the  granulated  appearance  of 
the  second  stage  of  ordinary  pneumonia.     In  five  cases  in  which  the  animals 

♦  The  Author  employs,  as  in  his  opinion  the  most  worthy  of  confidence,  the  ex- 
periments of  Dr.  J.  Reid  (Edinb.  Med.  and  Surg.  Journ  VnU.  xlix.  and  li.)  on 
whose  accuracy  he  has  strong  personal  reasons  for  placing  reliance;  and  whose  ana- 
tomical and  pathological  attainments  are  such  as  to  render  him  fully  competent  lo 
the  task. 
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had  survived  a  considerable  time,  portions  of  the  lungs  exhibited  the  second, 
and  even  the  third  stages  of  pneumonia,  with  puriform  effusion  in  the  small 
bronchial  tubes;  and  in  two,  gangrene  had  supervened. 

232.  One  of  the  most  important  points  to  ascertain  in  an  investigation  of 
this  kind,  is  the  first  departure  from  a  healthy  state; — to  decide  whether  the 
effusion  of  frothy  reddish  serum,  by  interfering  with  the  usual  change  in  the 
lungs,  causes  the  congested  state  of  the  pulmonary  vessels  and  the  laboured 
respiration;  or  whether  the  effusion  is  the  effect  of  a  previously  congested 
state  of  the  blood-vessels.  The  former  is  the  opinion  of  many  physiologists, 
who  have  represented  the  effusion  of  serum  as  a  process  of  morbid  secre- 
tion, directly  resulting  from  the  disorder  of  that  function  produced  by  the 
section  of  the  nerve;  the  latter  appears  the  unavoidable  inference  from  the 
carefully  noted  results  of  Dr.  Reid*s  experiments.  In  several  of  these,  only 
a  very  small  quantity  of  frothy  serum  was  found  in  the  air-tubes,  even  when 
the  laogi  were  found  loaded  with  blood,  and  when  the  respiration  before 
death  was  very  laboured.  This  naturally  leads  us  to  doubt,  whether  the 
frothy  semm  is  the  cause  of  the  laboured  respiration,  and  of  the  congested 
state  of  the  pulmonary  vessels,  in  those  cases  where  it  is  present;  though 
there  can  be  no  doubt  that,  when  once  it  is  effused,  it' must  powerfully  tend 
to  increase  the  difficulty  of  respiration,  and  still  further  to  impede  the  circu- 
lation through  the  lungs.  Dr.  R.  has  satisfied  himself  of  an  important 
point,  which  has  been  overlooked  by  others, — that  this  frothy  fluid  is  not 
mucus,  though  it  is  occasionally  mixed  with  it,  but  is  the  frothy  serum 
so  frequently  found  in  cases  where  the  circulation  through  the  lungs  has 
been  impeded  before  death.  From  this  and  other  facts.  Dr.  R.  concludes 
**that  the  congestion  of  the  blood-vessels  is  the  first  departure  from  the 
healthy  state  of  the  lung,  and  that  the  effusion  of  frothy  serum  is  a  subse- 
quent effect." 

233.  The  next  point,  therefore,  to  be  inquired  into,  is  the  cause  of  this 
congestion;  and  this  is  most  satisfactorily  explained,  upon  the  general  prin- 
ciples regulating  the  circulation  of  tlie  blood,  by  remembering  that  section 
of  the  Par  Vagum  greatly  diminishes  the  frequency  of  the  respiratory  move- 
ments, and  that  the  quantity  of  air  introduced  into  the  lungs  is,  therefore, 
very  insufficient  for  the  due  aeration  of  the  blood.  We  shall  hereafter  see 
reason  to  regard  it  as  one  of  the  best  established  principles  in  Physiology, 
that  the  activity  of  the  changes  which  the  blood  undergoes  in  the  capillary 
vesaels,  does,  in  some  way  or  other,  regulate  its  movement  through  them; — 
that,  when  these  changes  are  proceeding  with  activity,  the  capillary  circu- 
lation is  proportionably  accelerated; — and  that,  when  they  are  abnormally 
low  in  degree,  the  movement  of  the  blood  in  the  capillaries  is  stagnated. 
There  is  now  abundant  evidence,  in  regard  to  the  Pulmonary  circulation  in 
particular,  that  to  prevent  the  admission  of  oxygen  in  the  lungs,  either  by 
eausing  the  animal  to  breathe  pure  nitrogen  or  hydrogen,  or  by  occlusion 
of  the  air-passages,  is  to  bring  the  circulation  through  their  capillaries  to  a 
speedy  check.  Hence  we  should  at  once  be  led  to  infer,  that  diminution 
io  the  number  of  Respiratory  movements  would  produce  the  same  effect; 
and  as  little  or  no  difference  in  their  frequency  is  produced  by  section  of  one 
Vagus  only,  the  usual  absence  of  morbid  changes  in  the  lung  supplied  by  it 
is  fully  accounted  for.  The  congestion  of  the  vessels,  induced  by  insufficient 
aeration,  satisfactorily  accounts,  not  only  for  the  effusion  of  serum,  but  also 
for  the  tendency  to  pass  into  the  inflammatory  condition,  sometimes  pre- 
sented by  the  lungs,  as  by  other  organs  similarly  affected.  Dr.  Reid  con- 
firms this  view,  by  the  particulars  of  cases  of  disease  in  the  human  subject, 
in  which  the  lungs  presented  after  death  a  condition  similar  to  that  observed 
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in  the  lower  animals  after  section  of  the  Vagi;  and  in  these  individuals,  the 
respiratory  movements  had  been  much  less  frequent  than  natural  during  the 
latter  part  of  life,  owing  to  a  torpid  condition  of  the  nervous  centres.  The 
opinion  (held  especially  by  Dr.  Wilson  Philip)  that  section  of  the  par  va- 
gum  produces  the  serous  effusion  by  its  direct  influence  on  the  function  of 
Secretion,  is  further  invalidated  by  the  fact  stated  by  Dr.  Reid, — that  he 
always  found  the  bronchial  membrane  covered  with  its  true  mucus,  except 
when  inflammation  was  present. 

234.  *•  The  experimental  history  of  the  far  Vagum,"  it  is  justly  remarked 
by  Dr.  Reid,  **  furnishes  an  excellent  illustration  of  the  numerous  difficulties 
with  which  the  Physiologist  has  to  contend,  from  the  impossibility  of  in- 
sulating any  individual  organ  from  its  mutual  actions  and  reactions,  when 
he  wishes  to  examine  the  order  and  dependence  of  its  phenomena.**  In  such 
investigations  no  useful  inference  can  be  drawn  from  one  or  two  experi- 
ments only;  in  order  to  avoid  all  sources  of  fallacy,  a  large  number  must 
be  made;  the  points  in  which  all  agree  must  be  separated  from  others  in 
which  there  is  a  variation  of  results;  and  it  must  be  then  inquired  to  what 
the  latter  is  due.  These  observations  apply  equally  to  the  other  principal 
subject  of  inquiry  in  regard  to  the  functions  of  the  Par  Vagum, — its  in- 
fluence upon  the  process  of  Digestion.  The  results  obtained  by  diflferent 
experimenters  have  led  to  diflerences  of  opinion  as  to  its  action,  no  less 
remarkable  than  those  on  the  question  just  discussed.  Dr.  Wilson  Philip 
has  long  maintained,  that  the  par  vagum  controls  the  secretion  of  gastric 
juice,  which  he  stated  to  cease  when  the  nerve  is  divided;  and  he  further 
stated,  that  the  influence  of  galvanism,  propagated  along  the  nerve,  would 
re-establish  the  secretion.  This  statement  has  been  quoted  and  re-quoted, 
as  an  established  physiological  position;  and,  when  united  with  the  well 
known  fact,  that  galvanism  would  excite  muscular  contraction,  it  has  seemed 
to  Dr.  W.  Philip  and  other  physiologists  sufficient  to  establish  the  important 
position,  that  galvanism  and  nervous  influence  are  identical.  The  state- 
ment, however,  has  been  disputed  by  many  other  experimenters,  who  have 
satisfied  themselves  that  the  secretion  of  gastric  juice  continued,  and  that 
the  impairment  of  the  digestive  power,  which  is  certainly  a  result  (for  a 
time  at  least)  of  the  operation,  may  be  attributed  to  paralysis  of  the  muscular 
coat  of  the  stomach. 

235.  The  experiments  of  Dr.  Reid  do  not  furnish  grounds  for  positive 
conclusions  on  the  subject;  but  they  furnish  important  correction  of  the 
results  obtained  by  others.  He  has  succeeded,  as  formerly  stated  ($  198)* 
in  producing  movements  of  the  stomach,  by  irritation  of  the  Vagi;  but  that 
these  movements  may  be  excited  in  other  ways,  is  evident  from  the  fact 
that,  in  several  of  his  experiments,  food  was  digested  and  propelled  into  the 
duodenum  subsequently  to  the  operation.  The  same  fact,  which  he  appears 
to  have  fully  substantiated,  is  an  incontrovertible  proof,  that  the  secretioD 
of  gastric  juice  is  not  dependent  on  nervous  influence  supplied  by  the  Par 
Vagum,  though  doubtless  in  part  regulated  by  it.  The  first  eflects  of  the 
operation,  however,  are  almost  invariably  found  to  be  vomiting  (in  those  ani- 
mals capable  of  it),  loathing  of  food,  and  arrestment  of  the  digestive  process; 
and  it  is  not  until  after  four  or  five  days,  that  the  power  seems  re-established* 
In  the  animals  which  died  before  that  time,  no  indication  of  it  could  be  dis* 
covered  by  Dr.  R.;  in  those  which  survived  longer,  great  emaciation  took 
place;  but  when  life  was  sufficiently  prolonged,  the  power  of  assimilation 
seemed  almost  completely  restored.  This  was  the  case  in  four  out  of  the  ] 
seventeen  dogs  experimented  on;  and  the  evidence  of  this  restoration  con-  ; 
sisted  in  the  recovery  of  flesh  and  blood  by  the  animals,  the  vomiting  of    ' 
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half-digested  food  permanently  reddening  litmus  paper,  the  disappearance  of 
a  considerable  quantity  of  alimentary  matter  from  the  intestinal  canal,  and 
the  existence  of  chyle  in  the  lacteals.  It  may  serve  to  account  in  some 
degree  for  the  contrary  results  obtained  by  other  experimenters,  to  state  that 
seven  out  of  Dr.  R.'s  seventeen  experiments  were  performed,  before  he  ob- 
tained any  evidence  of  digestion  after  the  operation;  and  that  the  four  which 
furnished  this  followed  one  another  almost  in  succession;  so  that  it  is  easy 
to  understand  why  those,  who  were  satisfied  with  a  small  number  of  expe- 
riments, should  have  been  led  to  deny  it  altogether. 

236.  It  may  be  hoped,  then,  that  physiologists  will  cease  to  adduce  the 
oft-cited  experiments  of  Dr.  Wilson  Philip,  in  favour  of  the  hypothesis  (for 
such  it  must  be  termed)  that  secretion  is  dependent  upon  nervous  influence, 
and  that  this  is  identical  with  galvanism.  Additional  evidence  of  their 
fallacy  is  derived  from  the  fact  mentioned  by  Dr.  Reid,  that  the  usual  mu- 
cous secretions  of  the  stomach  were  always  found;  and  they  are  further 
invalidmted  by  the  testimony  of  Miiller,  who  denies  that  galvanism  has  any 
influence  in  re-establishing  the  gastric  secretion,  when  it  has  been  checked 
by  section  of  the  nerves.  Another  series  of  experiments  was  performed  by 
Dr.  Reid,  for  the  purpose  of  testing  the  validity  of  the  results  obtained  by 
Sir  B.  Brodie,  relative  to  the  effects  of  section  of  the  Par  Vagum  upon  the 
secretions  of  the  stomach,  after  the  introduction  of  arsenious  acid  into  the 
system.  According  to  that  eminent  Surgeon  <ind  Physiologist,  when  the 
poison  was  introduced  after  the  Par  Vagum  had  been  divided  on  each  side, 
the  quantity  of  the  protective  mucous  and  watery  secretions  was  much  less 
than  nsual,  although  obvious  marks  of  inflammation  were  present.  In  order 
to  aToid  error  as  much  as  possible,  Dr.  Reid  made  five  sets  of  experiments, 
employing  two  dogs  in  each,  as  nearly  as  possible  of  equal  size  and  strength, 
introducing  the  same  quantity  of  the  poison  into  the  system  of  each  in  the 
■ame  manner,  but  cutting  the  vagi  in  one,  and  leaving  them  entire  in  the 
other.  This  comparative  mode  of  experimenting  is  obviously  the  only  one 
admissible  in  such  an  investieration.  Its  result  was  in  every  instance  op- 
posed to  the  statements  of  Sir  B.  Brodie;  the  quantity  of  the  mucous  and 
watery  secretions  of  the  stomach  being  nearly  the  same,  in  each  individual 
of  the  respective  pairs  subjected  to  the  experiment;  so  that  they  can  no 
longer  be  referred  to  the  influence  of  the  Eighth  pair  of  nerves.  Moreover, 
the  appearances  of  inflammation  were,  in  four  out  of  the  five  cases,  greatest 
in  the  animals  whose  Vagi  were  left  entire;  and  this  seemed  to  be  referable 
to  the  longer  duration  of  their  lives  after  the  arsenic  had  been  introduced. 
The  results  of  Sir  B.  6rodie*8  experiments  may  perhaps  be  explained,  by 
die  speedy  occurrence  of  death  in  the  subjects  of  them,  consequent  (it  may 
be)  upon  the  want  of  sufficiently  free  respiration,  which  was  carefully 
guarded  against  by  Dr.  Reid. 

237.  So  far  as  the  results  of  Dr.  Reid's  experiments  may  be  trusted  to, 
dierefore,  (and  the  Author  is  himself  disposed  to  rely  on  them  almost  im- 
plicitly,) all  the  arguments  which  have  been  drawn,  in  favour  of  the  doctrine 
tfiat  secretion  depends  upon  nervous  agency,  from  the  effects  of  lesion  of  the 
Vagi  upon  the  functions  of  the  stomach,  must  be  set  aside.  That  this  nerve 
has  an  important  influence  on  the  gastric  secretion,  is  evident  from  the  defi- 
ciency in  its  amount  soon  after  the  operation,  as  well  as  from  other  facts. 
But  this  is  a  very  different  proposition  from  that  just  alluded  to;  and  the 
diiference  has  been  very  happily  illustrated  by  Dr.  R.  **  The  movements 
of  a  horse,"  he  observes,  **  are  independent  of  the  rider  on  his  back, — in 
other  words,  the  rider  does  not  furnish  the  conditions  necessary  for  the 
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movements  of  the  horse; — ^but  every  one  knows  how  much  these  move- 
ments may  be  influenced  by  the  hand  and  heel  of  the  rider." 

238.  It  only  remains  to  notice  the  influence  of  section  of  the  Vagi  upon 
the  actions  of  the  Heart.  It  has  been  already  stated,  that  mechanical  irrita- 
tion of  these  nerves,  especially  at  their  roots,  has  a  tendency  to  excite  or 
accelerate  the  hearths  action.  It  remains  to  inquire  if  its  movements  are 
dependent  upon  their  influence,  or  if  they  form  the  channel  through  which 
these  are  effected  by  emotions  of  the  mind,  or  by  conditions  of  the  bodily 
system.  In  regard  to  the  first  point,  no  doubt  can  be  entertained;  since  the 
regular  movements  of  the  heart  are  but  little  affected  by  section  of  the  Vagi. 
With  respect  to  the  second,  there  is  more  difficulty;  since  the  number  of 
causes  which  may  influence  the  rapidity  and  pulsations  of  the  heart  is  very 
considerable.  For  example,  when  the  blood  is  forced  on  more  rapidly 
towards  the  heart,  as  in  exercise,  struggling,  &c.,  the  stimulus  to  its  con- 
tractions is  more  frequently  renewed,  and  they  become  more  frequent;  and 
when  the  current  moves  on  more  slowly,  as  in  a  state  of  rest,  their  fre- 
quency becomes  proportionably  diminished.  If  the  contractions  of  the  heart 
were  not  dependent  upon  the  blood,  and  their  number  were  not  regulated 
by  the  quantity  flowing  into  its  cavities,  very  serious  and  inevitably  fatal 
disturbances  of  the  heart's  action  would  soon  take  place.  That  this  adjust- 
ment does  not  take  place  through  the  medium  of  the  nervous  centres,  is 
evident  from  the  fact  that,  in  a  dog,  in  which  the  par  vagum  and  sympathetic 
had  been  divided  in  the  neck  on  each  side,  violent  struggling,  induced  by 
alarm,  raised  the  number  of  pulsations  from  130  to  260  per  minute.  It  is 
difficult  to  ascertain,  by  experiment  upon  the  lower  animals,  whether  simple 
emotion,  unattended  with  struggling  or  other  exertion,  would  affect  the 
pulsation  of  the  heart  after  section  of  the  Vagi;  but,  when  the  large  propor- 
tion of  the  Sympathetic  nerves  proceeding  to  this  organ  arc  considered,  and 
when  it  is  also  remembered  that  irritation  of  the  roots  of  the  upper  cervical 
nerves  stimulates  the  action  of  the  heart  through  the  latter,  we  can  scarcely 
doubt  that  both  may  serve  as  the  channels  of  this  influence,  especially  in 
such  animals  as  the  dog,  in  which  the  two  freely  inosculate  in  the  neck. 

239.  In  regard  to  the  functions  of  the  Spinal  Jiccessory  nerve,  also,  there 
has  been  great  difference  of  opinion;  the  peculiarity  of  its  origin  and  course 
having  led  to  the  belief  that  some  very  especial  purpose  is  answered  by  it. 
We  shall  first  examine  what  evidence  of  its  character  may  be  obtained  from 
its  anatomy  only.  Its  filaments  come  off  from  the  middle  column  of  the 
Spinal  Cord,  most  frequently  as  low  down  as  the  origins  of  the  sixth  and 
seventh  Cervical  nerves.  In  its  course  upwards  to  the  foramen  magnum, 
it  lies  between  the  posterior  roots  of  the  spinal  nerves,  and  the  ligamenlum 
denticulatum.  It  sometimes  receives  filaments  from  these  roots,  and  is 
generally  connected  especially  with  the  first  cervical;  according  to  Bellin- 
geri,  however,  who  has  paid  great  attention  to  the  subject,  the  filaments 
coming  from  the  posterior  roots  do  not  form  part  of  the  trunk  of  the  nerve, 
but  leave  it  again  to  enter  the  posterior  root  of  the  first  cervical.  It  may  be 
doubted  whether  this  is  entirely  true;  as  some  experiments  appear  to  show 
that  the  Spinal  Accessory  is  in  some  degree  a  sensory  nerve,  even  at  its 
roots.  As  the  trunk  passes  through  the  foramen  lacerum,  it  divides  into 
two  branches;  of  which  the  internal,  after  giving  off  some  filaments  that 
assist  in  forming  the  pharyngeal  branch  of  the  Par  Vagum,  becomes  incor^ 
porated  with  the  trunk  of  that  nerve;  whilst  the  external  proceeds  outwards, 
and  is  finally  distributed  to  the  sterno-cleido-mastoideus  and  trapezius 
muscles,  some  of  its  filaments  inosculating  with  those  of  the  cervical  plexus. 
It  is  interesting  to  remark,  that  the  junction  of  the  anterior  branch  with  the 
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Par  Vagum  beyond  the  point  at  which  the  latter  swells  out  into  its  superior 
g^ngWoUj  increases  the  analogy,  which  has  been  sustained  upon  other 
grounds,  between  the  compound  trunk  thus  formed,  and  that  of  the  spinal 
nerves;  the  Par  Vagum  being  regarded  as  the  sensory  root,  and  the  Spinal 
Accessory  as  the  motor.  According  to  Valentin,  however,  there  is  not  a 
mere  passage  of  filaments  from  the  Spinal  Accessory  to  the  Par  Vagum,  but 
ao  absolute  interchange — the  trunk  of  the  former  containing  some  sensory 
fibres  derived  from  the  latter.  "When  the  roots  of  the  Spinal  Accessory  are 
irritated,  as  appears  from  the  experiments  of  Talcntin,  no  decided  indica- 
tions of  sensation  can  be  obtained;  but  all  the  motor  actions  of  the  Par 
Vagum  manifest  themselves.  When  the  external  branch  is  irritated,  before 
it  perforates  the  sterno-mastoid  muscle,  vigorous  convulsive  movements  of 
that  muscle,  and  of  the  trapezius,  are  produced:  and  the  animal  does  not 
give  any  signs  of  pain,  unless  the  nerve  is  firmly  compressed  between  the 
forcepSv  or  is  included  in  a  tight  ligature.  Hence  it  may  be  inferred,  that 
the  fanctions  of  this  nerve  are  chiefiy  motor,  and  that  its  sensory  filaments 
are  few  in  number.  Further,  when  the  nerve  has  been  cut  across,  or  firmly 
tied,  irritation  of  the  lower  end  is  attended  by  the  same  convulsive  move- 
ments of  the  muscles;  whilst  irritation  of  the  upper  end  in  connection  with 
the  spinal  cord  is  unattended  with  any  muscular  movement.  Hence  it  is 
clear  that  the  motions  occasioned  by  irritating  it  are  of  a  direct,  not  of  a 
reflex  character.  The  same  muscular  movements  are  observed  on  irritating 
the  nenre  in  the  recently  killed  animal,  as  during  life. 

240.  According  to  Sir  C.  Bell,  the  Spinal  Accessory  is  a  purely  Respira- 
tory nenre,  whose  office  it  is  to  excite  the  involuntary  or  automatic  move- 
ments of  the  muscles  it  supplies,  which  share  in  the  act  of  respiration;  and 
he  states  that  the  division  of  it  paralyzes  the  muscles  to  which  it  is  distri- 
bated,  as  muscles  of  respiration,  though  they  still  perform  the  voluntary 
movements  through  the  medium  of  the  spinal  nerves.  Both  Valentin  and 
Dr.  Reid,  however,  positively  deny  that  this  is  the  case.  Dr.  Reid's  method 
of  experimenting  was  well  adapted  to  test  the  truth  of  the  assertion.  Con- 
sidering that,  in  the  ordinary  condition  of  the  animal,  it  might  be  difficult 
to  distinguish  the  actions  of  particular  muscles,  beneath  the  skin,  when  those 
in  the  neighbourhood  were  in  operation;  and  also  that  the  usual  automatic 
movements  might  be  simulated  by  voluntary  action,  when  the  breathing 
might  be  rendered  difificult;  he  adopted  the  following  plan: — A  small  dose 
of  prussic  acid  was  given  to  an  animal,  in  which  the  Spinal  Accessory  had 
been  previously  divided  on  one  side;  and  after  tlie  convulsive  movements 
produced  by  it  had  ceased,  the  animal  was  generally  found  in  a  state  similar 
to  that  which  we  sometimes  see  in  apoplexy, — the  action  of  the  heart  going 
on,  the  respirations  being  slow  and  heaving,  and  the  sensorial  functions 
appearing  to  be  completely  suspended.  The  Respiratory  movements  always 
ceased  before  the  action  of  the  heart;  but  they  continued,  in  several  of  the 
animals  experimented  on,  sufficiently  long  to  allow  the  muscles  of  the  an- 
terior part  of  the  neck  to  be  laid  bare,  so  that  accurate  observations  could  be 
made  upon  their  contractions.  In  the  dog  and  cat,  the  sterno-mastoid  does 
not  appear  to  have  much  participation  in  the  ordinary  movements  of  respira- 
tion; for  in  several  instances  it  could  not  be  seen  to  contract  on  either  side, 
though  the  head  was  forcibly  pulled  towards  the  chest  at  each  inspiratory 
movement,  chiefly  by  the  action  of  ttie  sterno-hyoid  and  thyroid  muscles. 
In  two  dogs  and  one  cat,  however,  in  which  the  head  was  fixed,  and  these 
respiratory  movements  were  particularly  vigorous,  distinct  contractions 
were  seen  in  the  exposed  sterno-mastoid  muscles,  synchronous  with  the 
other  movements  of  respiration;  these  were,  perhaps,  somewhat  weaker  on 
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the  side  on  which  the  nerve  had  been  cut,  but  were  still  decidedly  present 
In  one  of  these  dogs,  similar  movements  were  observed  in  the  trapezius,  on 
the  side  on  which  the  nerve  had  been  divided.  As  the  condition  of  the 
animal  forbad  the  idea  that  volition  could  be  the  cause  of  these  movements, 
it  can  scarcely  be  questioned  that  Sir  C.  Bell's  statement  was  an  erroneous 
one.  As  far,  therefore,  as  these  experiments  afford  any  positive  data  in 
regard  to  the  functions  of  this  nerve,  it  may  be  concluded  that  they  are  the 
same  as  those  of  the  cervical  plexus,  with  which  it  anastomoses  freely. 
*•  Future  anatomical  reseafches,"  as  Dr.  Reid  justly  remarks,  **  may  per- 
haps explain  to  us  how  it  follows  this  peculiar  course,  without  obliging  us 
to  suppose  that  it  has  a  reference  to  any  special  function  in  the  adult  of  the 
human  species."  The  study  of  the  history  of  development  has  accounted 
satisfactorily  for  the  peculiar  course  of  the  recurrent  laryngeal,  which  may 
be  traced  passing  directly  irom  the  par  vagum  to  the  larynx,  at  a  time  when 
the  neck  can  scarcely  be  said  to  exist,  and  when  that  organ  is  buried  in  the 
thorax.  As  this  rises  in  the  neck,  the  nerve,  which  at  first  came  off  below 
the  great  transverse  blood-vessels,  has  both  its  origin  and  its  termination 
carried  upwards;  whilst  it  is  still  tied  down  by  these  vessels  in  the  middle 
of  its  course. 

241.  The  Hypoglossal  nerve,  or  Motor  LinguaSj  is  the  only  one  which* 
in  the  regular  order,  now  remains  to  be  considered.  That  the  distribution 
of  this  nerve  is  restricted  to  the  muscles  of  the  tongue,  is  a  point  very  easily 
established  by  anatomical  research;  and  accordingly  we  find  that,  long 
before  the  time  of  Sir  C.  Bell,  Willis  spoke  of  it  as  the  nerve  of-the  motions 
of  articulation,  whilst  to  the  Lingual  branch  of  the  fifth  pair  he  attributed 
the  power  of  exercising  the  sense  of  taste;  and  he  distinctly  stated,  that  the 
reason  of  this  organ  being  supplied  with  two  nerves  is  its  double  function. 
The  inference  that  it  is  chiefly,  if  not  entirely,  a  motor  nerve,  which  has 
been  founded  on  its  anatomical  distribution,  is  supported  also  by  the  nature 
of  its  origin,  which  is  usually  from  a  single  root,  corresponding  to  the 
anterior  root  of  the  Spinal  nerves.  Experiment  shows  that,  when  the  trunk 
of  the  nerve  is  stretched,  pinched,  or  galvanized,  violent  motions  of  the 
whole  tongue,  even  to  its  tip,  arc  occasioned;  and  also,  that  similar  move- 
ments take  place  after  division  of  the  nerve,  when  the  cut  end  most  distant 
from  the  brain  is  irritated.  In  regard  to  the  degree  in  which  this  nerre 
possesses  sensory  properties,  there  is  some  difference  of  opinion  amongst 
physiologists;  founded,  as  it  would  seem,  on  a  variation  in  this  respect  be- 
tween different  animals.  Indications  of  pain  are  usually  given,  when  the 
trunk  is  irritated  after  its  exit  from  the  cranium;  but  these  may  proceed 
from  its  free  anastomosis  with  the  cervical  nerves,  which  not  improbably 
impart  sensory  fibres  to  it.  But  in  some  Mammalia,  the  hypoglossal  neire 
has  been  found  to  possess  a  small  posterior  root  with  a  ganglion:  this  is  the 
case  in  the  ox,  and  also  in  the  rabbit;  and  in  the  latter  animal,  Valentin  states 
that  the  two  trunks  pass  out  from  the  cranium  through  separate  orifices,  and 
that,  after  their  exit,  one  may  be  shown  to  be  sensory,  and  the  other  to  be 
motor.  Hence  this  nerve,  which  is  the  lowest  of  those  that  originate  in 
the  cephalic  prolongation  of  the  spinal  cord  generally  known  as  the  medulla 
oblongam,  approaches  very  closely  in  some  animals  to  the  regular  type  of 
the  spinal  nerves;  and  though  in  Man  it  still  manifests  an  irregularity*  in 
having  only  a  single  root,  yet  this  ifregularity  is  often  shared  by  the  first 
cervical  nerve,  which  also  has  sometimes  an  anterior  root  only. 

242.  The  Hypoglossal  nerve  is  distributed  not  merely  to  the  tongue,  bnt 
to  the  muscles  of  the  neck  which  are  concerned  in  the  movements  of  the 
larynx;  and  the  purpose  of  this  distribution  is  probably  to  associate  them  in 
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those  actions  which  are  necessary  for  articulate  speech.  Though  all  the 
motions  of  the  tongue  are  performed  through  the  medium  of  this  nerve, 
yet  it  would  appear,  from  pathological  phenomena,  to  have  at  least  two  dis- 
tinct connections  with  the  nervous  centres;  for  in  many  cases  of  paralysis, 
the  masticatory  movements  of  the  tongue  are  but  little  affected,  when  the 
power  of  articulation  is  much  injured  or  totally  destroyed;  and  the  converse 
may  be  occasionally  noticed.  When  this  nerve  is  paralyzed  on  one  side,  in 
hemiplegia,  it  will  be  generally  observed  tliat  the  tongue,  when  the  patient 
is  directed  to  put  it  out,  is  projected  towards  the  palsied  side  of  the  face: 
this  is  due  to  the  want  of  action  of  the  lingual  muscles  of  that  side,  which 
do  not  aid  in  pushing  forwards  the  tip;  the  point  is  consequently  directed 
only  by  the  muscles  of  the  other  side,  which  will  not  act  in  a  straight  direc- 
tion, when  nnantagonized  by  their  fellows.  It  is  a  curious  fact,  however, 
that  the  hypoglossal  nerve  seems  not  to  be  always  palsied  on  the  same  side 
with  the  fiftcial,  but  sometimes  on  the  other.  This  has  been  suggested  to 
be  due  to  the  origination  of  the  roots  of  this  nerve  from  near  the  point  at 
which  the  pyramids  of  the  ikiedulla  oblongata  decussate;  so  that  some  of  its 
fibres  come  off,  like  those  of  the  spinal  nerves,  without  crossing;  whilst 
others  are  tnnsmitted  to  the  opposite  side,  like  those  of  the  higher  cerebral 
nerves;  and  the  cause  of  paralysis  may  affect  one  or  other  of  these  sets  of 
roots  more  particularly.  Whatever  may  be  the  validity  of  this  explanation, 
the  circomstance  is  an  interesting  one,  and  well  worthy  of  attention.* 

243.  The  character  of  the  Cephalic  nerves  as  distinguished  from  the  Spi- 
nal, is  a  pohit  of  much  interest,  when  considered  in  relation  to  Comparative 
Anatomy,  and  to  Embryology.  It  appears,  from  what  has  been  already  stated, 
that  the  Par  Vagum,  Spinal  Accessory,  Glosso-pharyngeal,  and  Hypoglossal 
nerves,  may  be  considered  nearly  in  the  light  of  ordinary  Spinal  nerves. 
They  all  take  their  origin  exclusively  in  the  Medulla  Oblongata;  and  the 
want  of  correspondence  in  position  between  their  roots  and  those  of  tlie 
Spinal  nerves  is  readily  accounted  for,  by  the  alteration  in  the  direction  of 
the  eolorons  of  the  Spinal  Cord,  which, — as  long  since  pointed  out  by  Ro- 
senthal, and  lately  stated  prominently  by  Dr.  Reid, — not  only  decussate 
laterally,  but,  as  it  were,  from  behind  forwards  (§  171).    The  Hypoglossal, 
as  just  stated,  not  unfrequentiy  possesses  a  sensory  in  addition  to  its  motor 
root.    The  Glosso-pharyngeal,  which  is  principally  an  afferent  nerve,  is 
stated  by  Arnold  and  others  to  have  a  small  motor  root;  at  any  rate,  the 
motor  fibres  which  belong  to  it  are  to  be  found  in  the  Par  Vagum.     That 
the  Par  Vagum  and  a  portion  of  the  Spinal  Accessory  together  make  up  a 
spinal  nerve,  has  been  already  stated  as  probable.     Leaving  these  nerves 
ent  of  the  question,  therefore,  we  proceed  to  the  rest.     Comparative  ana- 
tomy, and  the  study  of  Embryonic  development,  alike  show  that  the  Spinal 
Cord  and  Medulla  Oblongata  constitute  the  most  essential  part  of  the  ner- 
Tous  system  in  Vertebrata;  and  that  the  Cerebral  Hemispheres  are  super- 
added, as  it  were,  to  this.     At  an  early  period  of  development,  the  En- 
cepbalon   consists  chiefly  of  three  vesicles,  which   correspond  with  the 
ganglionic  enlargements  of  the  nervous  cord  of  the  Articulata,  and  mark 
three  divisions  of  the  cerebro-spinal  axis;  and,  in  accordance  with  this  view, 
the  Osteologist  is  able  to  trace  in  the  bones  of  the  cranium,  the  same  ele- 

'  !r  may  l>e  questioned,  however,  whether  the  Hypoglossal  is  really  paralyzed  on  the 

S^pusite  side  from  the  facial  in  such  cases.    An  instance  has  been  communicated  to 
e  Aathor  by  Dr.  W.  Bndd,  in  which  the  hypoglossal  nerve  was  completely  divided 
OS  one  side;  and  yet  the  tip  of  the  tongue,  when  the  patient  was  desired  to  put  it  out, 
VM  sometimes  directed /r<>wt  and  sometimes  towards  the  palsied  side;  showing  that 
iliemo-scles  of  either  half  are  sufficient  to  give  any  required  direction  to  the  whole. 
23 
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ments  which  would  form  three  vertebrse,  in  a  much  expanded  and  altered 
condition.  However  improbable  such  an  idea  might  seem,  when  the  cra- 
nium of  the  higher  Vertebrata  alone  is  examined,  it  at  once  reconciles  itself 
to  our  reason,  when  we  direct  our  attention  to  that  of  Reptiles  and  Fishes; 
in  which  classes  the  size  of  the  Cerebral  or  hemispheric  ganglia'  is  very 
small  in  comparison  with  that  of  the  Ganglia  of  special  sensation,  and  in 
which  the  latter  evidently  form  but  a  continuation  of  the  Spinal  Cord,  modi- 
fied in  its  function;  so  that,  when  we  trace  upwards  the  cavity  of  the  spinal 
column  into  that  of  the  cranium,  we  encounter  no  material  change,  either  in 
its  size  or  direction.  The  three  pairs  of  nerves  of  special  sensation,  make 
their  way  out  through  these  three  cranial  vertebrse  respectively.  At  a  later 
period  of  development,  other  nerves  are  interposed  between  these;  which, 
being  intervertebral,  are  evidently  more  analogous  ta  the  Spinal  nerves, 
both  in  situation  and  function.  A  separation  of  the  primitive  fibres  of  these 
takes  place,  however,  during  the  progress  of  development,  so  that  their  dis- 
tribution appears  irregular.  Thus  the  greater  part  of  the  sensory  fibres  are 
contained  in  the  large  division  of  the  Trigeminus;  whilst,  of  the  motor  fibres, 
the  anterior  ones  chiefly  pass  forwards  as  the  Oculo-motor  and  Patheiicus; 
and  of  the  posterior,  some  form  the  small  division  of  the  Trigeminus,  and 
others  unite  with  the  first  pair  from  the  medulla  oblongata,  to  form  the  Facial. 
This  last  fact  explains  the  close  union  of  this  nerve  with  those  proceeding 
more  directly  from  the  medulla  oblongata,  which  we  find  in  Fishes  and  in 
some  Amphibia.  According  to  Valentin,  the  Glosso-pharyngeal  is  the 
sensory  portion  of  the  first  pair  from  the  medulla  oblongata,  of  which  the 
motor  part  is  chiefly  comprehended  in  the  Facial  nerve.  It  is  very  inte- 
resting to  trace  this  gradual  metamorphosis  from  the  character  of  the  Spinal 
nerves,  which  is  exhibited  in  the  Cephalic,  when  they  are  traced  upwards 
from  the  Medulla  Oblongata;  and  this  is  shown,  as  formerly  pointed  oat 
(§  223),  as  much  in  the  nerves  of  special  sensation  as  in  the  rest.  Although 
we  are  accustomed  to  consider  the  Fifth  pair  as  par  excellence  the  Spinal 
nerve  of  the  head,  the  foregoing  statements,  founded  upon  the  history  of  its 
development,  show  that  the  nerves  of  the  Orbit  really  belong  to  its  motor 
portion;  they  may  consequently  be  regarded  as  altogether  forming  the  first 
of  the  intervertebral  or  Spinal  nerves  of  the  cranium.  The  Facial  and 
Glosso-pharyngeal  appear  to  constitute  the  second;  whilst  the  Par  Vagum 
and  Spinal  Accessory  intervene  between  this  and  the  true  spi*^il,  of  which 
the  Hypoglossal  may  be  considered  as  the  first 

Motor  Nerves  of  the  Orbit. 

244.  We  now  return  to  consider  the  functions  of  the  Third,  Fourth^  and 
Sixth  pairs  of  nerves,  together  constituting  the  entire  channel  of  the  move- 
ments of  the  eyeball.  Their  particular  functions  are  but  ill  understood; 
and  the  movements  which  they  govern  ofler  so  many  peculiarities,  that  the 
inquiry  becomes  a  very  complex  one.  It  is  of  peculiar  interest,  however, 
both  on  account  of  its  general  bearing  on  the  Physiology  of  the  Nervous 
System;  and  at  the  present  time  more  peculiarly,  in  consequence  of  the 
assistance  which  a  correct  knowledge  of  these  functions  may  aflford,  in  the 
treatment  of  Strabismus,  by  the  operation,  which  has  been  now  so  exten- 
sively and  (when  executed  with  care  and  judgment)  so  successfully  per^ 
formed. 

245.  It  will  be  recollected  that,  in  the  Human  orbit,  six  muscles  for  the 
movements  of  the  eyeball  are  found, — the  four  recti,  and  the  two  obliqae 
muscles.    The  precise  actions  of  these  are  not  easily  established  by  expe> 
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riment  on  the  lower  animals;  for  in  all  those  which  ordinarily  maintain  the 
horizontal  position,  there  is  an  additional  muscle,  termed  the  retractor^ 
which  embraces  the  whole  posterior  portion  of  the  globe,  and  passes  back- 
wards to  be  attached  to  the  bottom  of  the  orbit.  This  muscle  is  most  deve- 
loped 'A  Ruminating  animals,  which,  during  their  whole  time  of  feeding, 
carry  their  heads  in  a  dependent  position.  In  most  carnivorous  animals, 
instead  of  the  complete  hollow  muscular  cone  (the  base  enclosing  the  eyeball, 
whilst  the  apex  surrounds  the  optic  nerve)  which  we  find  in  the  Ruminants, 
there  are  four  distinct  strips,  almost  resembling  a  second  set  of  recti  mus- 
cles, bot  deep-seated,  and  inserted  into  the  posterior  instead  of  the  anterior 
portion  of  the  globe.  It  is  obvious  that  the  actions  of  these  must  greatly 
aflect  the  results  of  any  operations  we  may  perform  upon  the  other  muscles 
of  the  Orbit;  and,  as  it  is  impossible  to  divide  the  former,  without  com- 
pletely separating  the  eye  from  its  attachments,  we  have  no  means  of  cor- 
recting soch  results,  but  by  reason  alone.  Experiments  upon  animals  of 
the  order  Qoadrumana,  most  nearly  allied  to  Man,  would  be  more  satisfac- 
tory; 9M  in  them,  the  retractor  muscle  is  almost  or  entirely  absent.  If  the 
origin  and  insertion  of  the  four  Recti  muscles  be  examined,  however,  no 
donbt  can  remain  that  each  of  them,  acting  singly,  is  capable  of  causing  the 
globe  to  revolve  in  its  own  direction, — the  superior  rectus  causing  the  pupil 
to  torn  upwards, — the  internal  rectus  causing  it  to  roll  towards  the  nose,^- 
and  BO  on.  A  very  easy  and  direct  application  of  the  laws  of  mechanics 
will  further  make  it  evident  to  us,  that  the  combined  action  of  any  two  of 
the  Recti  muscles  will  cause  the  pupil  to  turn  in  a  direction  intermediate 
between  the  lines  of  their  single  action;  and  that  any  intermediate  position 
may  thus  be  given  to  the  eyeball  by  these  muscles  alone.  The  fact  has  not 
received  the  attention  it  deserves;  it  leads  us  to  perceive  that  the  Oblique 
muscles  must  have  some  supplementary  function.  It  may  be  objected  that 
this  is  a  theoretical  statement  only;  and  that  there  may  be  some  practical 
obstacle  to  the  performance  of  diagonal  movements  by  the  Recti  muscles, 
which  renders  the  assistance  of  the  Obliques  essential  for  this  purpose.  But 
to  this  it  may  be  replied,  that  no  single  muscle  can  direct  the  ball  either 
downwards  and  inwards,  or  upwards  and  outwards;  and  that,  as  we  have 
good  reason  to  believe  these  movements  to  be  effected  by  the  combination 
of  the  Recti  muscles,  there  is  no  reason  why  the  other  diagonal  movements 
should  not  also  be  due  to  them. 

246.  The  action  of  the  Superior  Oblique  muscle  has  been  a  matter  of 
dispute.  Unlike  the  other  muscles  which  arise  from  the  back  of  the  orbit, 
its  tendon  is  not  inserted  into  the  front  hemisphere  of  the  eye,  but  into  a 
point  behind  its  vertical  axis;  and  we  should,  therefore,  be  led  to  suppose, 
that  its  operation  is  to  move  the  pupil  in  a  direction  contrary  to  that  in 
which  its  tendon  is  inserted; — that  is  to  say,  as  its  tendon  passes,  from  its 
insertion  towards  the  trochlea,  upwards  and  somewhat  inwards,  we  should 
suppose  that,  in  shortening,  it  would  draw  the  back  of  the  eyeball  in  that 
direction,  and  turn  the  pupil  in  the  contrary  one, — namely,  downwards  and 
a  little  outwards.  This  theory  of  its  action  is  borne  out  by  experiments 
both  upon  the  muscle,  and  the  nerve  which  supplies  it;  for  by  laying  bare 
the  muscle  without  disturbing  the  eyeball  or  the  neighbouring  parts,  and 
then  exercising  gentle  traction  upon  it,  so  as  to  draw  the  tendon  in  the  same 
manner  as  ordinary  contraction  of  the  muscle  would  have  done,  the  eyeball 
is  turned  downwards  and  somewhat  outwards.  The  same  effect  is  produced 
when  the  Fourth  pair  of  nerves  is  irritated,  either  mechanically  or  by  gal- 
vanism, after  it  has  been  separated  from  the  brain.  On  the  other  hand,  the 
Inferior  Oblique  muscle  may  be  shown,  by  experiments  upon  itself,  to  roll 
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the  eye  upwards  and  inwards;  the  inward  movement  is  much  greater  than 
the  outward  movement  caused  by  the  Superior  Oblique;  so  that  these  two 
muscles  are  not  exactly  antagonists  of  each  other. 

247.  The  distribution  of  nerves  to  these  muscles  is  very  peculiar.  The 
Superior  Oblique  has  a  nerve  for  itself  alone,  namely,  the  Fourth  pair;  this 
was  formerly  called  the  Patheticua  nerve,  from  its  being  supposed  to  govern 
that  rotation  of  the  ball  upwards  and  inwards,  which  gives  a  pathetic  ex- 
pression to  the  countenance;  but,  as  just  shown,  its  real  action  is  the  reverse. 
By  Sir  C.  Bell,  this  nerve  was  considered  as  belonging  to  his  Respiratory 
system;  and  he  endeavoured  to  show,  that  the  sudden  movement  of  the 
pupil  upwards  and  inwards,  which  takes  place  in  coughing  and  sneezing, 
and  the  fixation  of  the  ball  in  a  similar  position  during  sleep,  is  due  to  its 
operation.  The  ascertained  action  of  the  muscle,  however,  constrained  him 
to  suppose,  that  the  operation  of  the  nerve  was  not  to  cause  contraction  but 
relaxation  of  this,  by  which  the  antagonist  muscles  might  be  free  to  occa- 
sion the  movement.  This  idea  affords  a  remarkable  exemplification  of  the 
degree  in  which  theory  may,  in  some  minds,  usurp  the  place  of  observation. 
There  is,  as  we  have  K>rmerly  seen,  no  ground  for  the  assumption  of  a  sys- 
tem of  Respiratory  nerves  distinct  from  those  forming  the  general  Excite- 
Motor  system,  from  which  a  part  of  every  motor  trunk  in  the  body  is 
derived;  and  the  supposition  that  the  action  of  a  nerve  is  ever  to  cause  rdaX' 
ation  in  a  muscle,  is  at  variance  with  all  sound  physiological  induction.  In 
this  particular  instance,  it  is  at  once  refuted,  by  such  experiments  on  the 
trunk  of  the  nerve  as  those  just  adverted  to.  It  may  further  be  added,  in 
regard  to  this  nerve,  that  there  is  no  decided  reason  to  believe  that  it  con- 
tains any  sensory  fibres.  Its  distribution  is  entirely  restricted  to  the  Supe- 
rior Oblique  muscle;  but,  since  in  this,  as  in  other  muscles  of  the  orbit, 
there  is  certainly  a  degree  of  sensibility,  as  is  experienced  by  the  fatigue 
to  which  the  long  fixation  or  violent  straining  of  them  gives  rise,  it  may 
be  questioned  whether  the  fourth  pair  of  nerves  is  entirely  motor.  Its 
course  within  the  cranium  renders  it  very  unlikely  that  this  point  can  be 
satisfactorily  determined  by  experiment.  Miiller  states  that  a  connection 
exists  between  this  nerve  and  the  ophthalmic  branch  of  the  Fifth  pair;  so 
that  it  is  not  improbable  that,  as  in  other  instances,  its  sensory  endowments 
are  derived  from  this  source. 

248.  The  same  may  be  said  of  the  Sixth  pair,  which  is  termed  the 
Mducens  nerve,  from  its  being  solely  distributed  to  the  Rectus  extemus 
muscle.  There  is  no  reason  to  believe  that  the  actions  of  either  of  the  two 
last  mentioned  nerves  are  ever  involuntary;  on  the  contrary,  there  will  ap- 
pear reason  to  suppose  that  they  are,  with  a  branch  of  the  third  pair,  the 
sources  of  the  voluntary  movements  of  the  eyes.  Cases  occasionally  pre- 
sent themselves,  in  which  this  nerve  alone  is  paralyzed;  and  the  outward 
motion  of  the  ball  is  then  almost  entirely  lost. 

249.  The  three  other  Recti  muscles,  together  with  the  Levator  Palpebra* 
and  Inferior  Oblique,  are  supplied  by  the  Third  pair,  commonly  termed 
Oculo'tnotor.  The  general  question,  how  far  this  nerve  is  to  be  regarded 
as  exclusively  motor,  has  been  already  considered  (§  224);  that  it  is  chiefly 
so,  there  can  be  no  doubt.  But  we  have  now  to  inquire,  whether  there  is 
any  ground  for  believing  that  different  branches  of  the  nerve  are  subservient 
to  motions  of  a  different  character — some,  for  example,  being  more  con- 
nected with  the  Reflex  function  of  the  Spinal  Cord;  others  with  that  in- 
stinctive tendency  which  causes  opposite  muscular  actions  to  take  place  in 
the  two  orbits  by  one  effort  of  the  will;  and  others  being  immediately  directed 
and  controlled  by  the  will.  It  will  be  remembered  that  this  nerve  subdivides 


MOTOR  NERVES  OF  THE  ORBIT.  181 

into  two  principal  branches;  of  which  one  supplies  the  Levator  PalpebrsB 
and  Superior  Rectus;  whilst  the  other  is  distributed  to  the  Internal  and  In- 
ferior Recti,  and  to  the  Inferior  Oblique.     Now  the  action  of  the  former 
appears  to  be  of  a  purely  voluntary  character.    We  have  no  instance  of  the 
upper  lid  being  elevated  by  any  other  than  an  effort  of  the  will;  and,  if  this 
be  suspended,  the  Orbicularis  may  be  made  to  depress  it,  by  the  reflexion 
of  a  stimulus  applied  to  the  edge  of  the  tarsi.     Moreover,  when  a  strong 
light  causes  the  lids  to  contract  involuntarily,  we  feel  conscious  that  a  volun- 
tary effort  is  required  to  keep  them  apart.     The  same  may  be  said  of  the 
directly  upward  movement  of  the  eyeball,  which  is  caused  by  the  Superior 
Rectus  alone:  it  is  never  any  thing  but  a  voluntary  act;  for  the  upward  and 
inward  movement  adverted  to  by  Sir  C.  Bell,  is  evidently  occasioned  by  the 
inferior  oblique  acting  alone.     On  the  other  hand,  it  is  certain  that  some,  at 
least,  of  the  actions  of  the  second  branch  are  of  a  simply  reflex  nature,  and 
that  others  cannot  be  said  to  be  voluntary,  bnt  are  rather  of  an  instinctive 
character.    It  is  from  this  branch  that  the  twigs  proceed,  which  enter  the 
ciliary  gaogiion,  and  which  govern  the  movements  of  the  pupil;  movements 
which  have  been  already  shown  to  be  of  a  simply  reflex  character.     Some 
have  attempted  to  show  that  the  actions  of  the  iris  are  in  a  slight  degree 
voluntary,  because,  by  an  effort  of  the  will,  they  could  occasion  contraction 
of  the  pupil;  but  this  so  called  voluntary  contraction  is  always  connected 
with  a  change  in  the  place  of  the  eyeball  itself,  occasioned  by  an  action  of 
some  of  its  muscles.     It  is  principally  noticed  under  the  two  following  con- 
ditions.    1.  When  an  object  is  brought  very  near  the  eye,  and  we  steadily 
fix  onr  attention  upon  it,  the  axes  of  the  two  eyes  are  made  to  converge; 
and  if  this  convergence  be  carried  to  a  considerable  extent,  so  that  the  pupils 
of  both  eyes  are  sensibly  directed  towards  the  inner  canthus,  a  contraction 
of  the  pupil  takes  place.     The  final  cause  or  purpose  of  this  contraction  is 
very  evident.    When  an  object  is  brought  near  the  eye,  the  rays  proceeding 
from  it  would  enter  the  pupil  (if  it  remained  of  its  usual  size)  at  an  angle 
of  divergence  so  much  greater  than  that  which  would  allow  them  to  be 
properiy  refracted  to  a  focus,  that  indistinct  vision  would  necessarily  result. 
By  the  contraction  of  the  pupil,  however,  the  extreme  or  most  divergent 
rays  are  cut  off,  and  the  pencil  is  reduced  within  the  proper  angle.     The 
principle  is  precisely  the  same  as  that  on  which  the  optician  applies  a  atop 
behind  his  lenses,  which  reduces  their  aperture  in  proportion  to  the  short- 
ness of  their  focal  distance.     2.  Contraction  of  the  pupil  is  also  noticed, 
when  the  eyeball  is  performing  that  rotation  upwards  and  inwards,  which 
has  been  already  spoken  of  as  occasioned  by  the  contraction  of  the  Inferior 
Oblique  muscle;  and  which,  when  performed  along  with  violent  respiratory 
letions,  or  during  sleep,  must  be  regarded  as  involuntary.     This  rotation 
also  takes  place,  to  a  slight  degree,  when  the  eyelid  is  depressed,  as  in 
ordinary  winking;  and  it  is  obvious  that* in  this  manner,  the  surface  of  the 
eye  is  more  effectually  swept  free  from  impurities  which  may  have  gathered 
upon  it,  than  it  would  be  by  the  downward  motion  of  the  lid  alone.     But 
the  pupil  is  not  contracted  when  the  eyeball  is  voluntarily  rotated  upwards 
and  inwards, — ^an  action  which  may  be  effected  by  the  Superior  Rectus, 
tome  fibres  of  which  are  sufficiently  far  removed  from  the  central  axis  of 
the  globe,  to  give  it  an  internal  direction.     There  is  good  reason  to  believe, 
therefore,  that  the  actions  of  the  inferior  branch  of  the  Third  nerve  are  in 
great  part  automatic^  whilst  those  of  the  superior  branch  are  purely  volun- 
tary.    Upon  this  reasoning,  Valentin  has  founded  a  very  ingenious  theory 
_     of  the  eonaen$tial  movements  of  the  eyeball,  which  will  now  be  explained; 
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class  of  movements,  as  distinguished  from  the  Reflex  on  the  one  hand,  and 
the  Volitional  on  the  other. 

Consensual  Movements. 

250.  From  the  foregoing  observations  it  appears,  that  the  Rectus  Superior, 
Obliquus  Superior,  and  Rectus  Externus,  which  are  supplied  from  the 
superior  branch  of  the  Third  pair,  and  by  the  Fourth  and  Sixth  pairs,  are 
all  to  be  regarded  as  purely  voluntary  muscles;  and  Valentin  considers  them 
analogous  to  the  Extensors  of  the  limbs,  spine,  &c.,  which  are  for  the  most 
part  distinguished  by  the  same  character.  By  the  actions  of  these  three 
muscles,  singly  or  combined,  the  eyeball  may  be  moved  in  nearly  all  direc- 
tions. On  the  other  hand,  the  Inferior  and  Internal  Recti,  and  the  Inferior 
Oblique,  supplied  by  the  inferior  branch  of  the  Third  pair,  are  more  or  less 
automatic  in  their  action;  and  these  are  compared,  by  Valentin,  to  the  flexors. 
By  the  single  or  combined  actions  of  these  muscles  also,  the  eyeball  may 
be  moved  towards  almost  any  point,  except  in  an  upward  and  outward  direc- 
tion; and  any  one  who  tries  .the  experiment  will  find  that  this  is,  of  all  the 
movements  of  the  eye,  the  one  that  is  attended  with  the  most  constrained 
action  of  the  muscles. 

251.  On  studying  the  conjoint  movements  of  the  eyeball,  we  are  led  to 
observe  the  very  curious  fact,  that  they  are  not  so  much  symmetrical  as 
harmonious;  that  is  to  say,  the  corresponding  muscles  on  the  two  sides  are 
rarely  in  action  at  once;  whilst  such  a  harmony  or  consent  exists  between 
the  actions  of  the  muscles  of  the  two  orbits,  that  they  work  to  one  common 
purpose,  namely,  the  direction  of  both  eyes  towards  the  required  object. 
In  order  to  study  them  properly,  it  is  necessary  to  reduce  them  to  some 
kind  of  classification.  1.  If  one  eye  be  rotated  inwards^  and  the  others 
outwards^  the  Internal  Rectus  of  one  eye,  and  the  External  Rectus  of  the 
other,  are  evidently  put  in  action  together.  This  movement  is  harmonious 
or  consensual,  but  not  symmetrical.  2.  Both  eyeballs  are  elevated^  by  the 
contraction  of  the  two  Superior  Recti.  3.  Both  eyeballs  are  depressed; 
this  is  effected  by  the  conjoint  action  of  the  Inferior  Recti  muscles,  and  the 
movement  is,  like  the  preceding,  both  harmonic  and  symmetrical.  4.  Both 
are  drawn  directly  inwards  and  downwards^  as  when  we  look  at  an  object 
placed  on  or  near  the  nose;  this  movement  is  symmetrical,  but  not  harmonic; 
and  it  is  effected  by  the  action  of  the  Internal  Rectus,  joined  either  with 
the  Inferior  Rectus  or  tlie  Superior  Oblique.  5.  When  one  eye  is  rolled 
uptvards  and  inwards,  and  the  other  upwards  and  outwards,  the  Inferior 
Oblique  is  probably  operating  on  one  side,  whilst  the  Superior  Rectus  unites 
its  action  with  that  of  the  External  on  the  other.  And,  6,  when  one  eye  is 
drawn  downwards  and  inwards,  and  the  other  downwards  and  outwards^ 
the  Inferior  Rectus  is  probably  operating,  along  with  the  Internal  Rectus, 
on  one  side,  whilst  the  Superior  Oblique  is  the  chief  cause  of  the  latter 
movement. — All  these  movements  may  be  voluntarily  performed  by  Man; 
but  it  is  not  so  clear  that  tlie  muscles  by  which  they  are  effected,  are  equally 
influenced  by  volition  in  each  case;  and  there  are  some  curious  diversities 
in  our  power' of  operating  on  different  muscles,  which  throw  some  light  on 
the  matter.  Of  those  which  are  entirely  subjected  to  the  will,  we  can  only 
put  that  pair  in  action  together,  which  will  operate  without  destroying  the 
symmetrical  position  of  the  two  eyes,  namely  the  Superior  Recti.  We 
cannot  voluntarily  abduct  both  eyes,  nor  roll  them  downwards  and  outwards, 
by  the  conjoint  action  of  the  two  External  Recti  or  Superior  Obliques. 
Nor,  again,  can  we  bring  any  of  these  voluntary  muscles — the  Superior 
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Obliqae  and  Superior  Rectus,  for  example^to  act  a^inst  each  other  in  the 
two  eyes,  so  as  to  destroy  their  symmetry.  Thus,  as  remarked  by  Valentin, 
in  almost  every  movement,  in  which  the  harmony  of  the  two  eyes  is  pre- 
served, whilst  the  symmetry  is  destroyed  (as  in  those  of  the  1st,  5th,  and 
6th  of  the  foregoing  classes),  one  or  more  muscles  of  voluntary  motion  are 
acting  on  one  eye,  and  one  or  more  of  the  automatic  group  are  chiefly  con- 
cerned in  producing  the  rotation  of  the  other.  This  idea  is  an  extremely 
ingenious  one,  and  will  be  found  to  be  supported  by  other  facts. 

252.  But  there  are  two  kinds  of  movement  of  the  Eyeballs  which  are 
not  at  all  voluntary.  In  the  first  of  these,  both  eyeballs  are  rotated  up- 
wards  and  inwards,  by  the  action  of  both  Inferior  Obliques.  In  the 
other,  both  eyeballs  are  directed  inwards,  by  the  action  of  both  Internal 
Recti.  Now  in  both  these  cases,  the  harmony  of  the  movements  is  de- 
stroyed, bnt  it  is  by  two  similar  muscles,  both  acting  automatically,  and 
subjected,  therefore,  to  the  same  stimulus.  In  the  first  of  these  cases,  the 
stimnliM  may  originate  in  some  part  very  distant  from  the  eye  itself,  and 
may  be  of  i  purely  reflex  kind;  as  when  the  eye  is  rotated  under  the  lid, 
in  Uie  acts  of  sneezing,  coughing,  winking,  &c.  The  latter  we  shall  find 
to  be  another  result  of  the  same  cause  as  that  which  secures  the  usual  har- 
monic movements  of  the  eyeball  (§  255). 

253.  It  may  be  stated  as  a  physiological  fact,  that  single  vision  with  two 
eyes  is  dependent  upon  the  formation  of  the  image  upon  parts  of  the  two 
retinse,  which  are  accustomed  thus  to  act  with  each  other.  In  many  physio* 
logical  works  it  is  asserted,  that  single  vision  is  the  result  of  the  impressions 
being  made  on  corresponding  parts  of  the  two  retinae, — that  is  to  say,  on 
parts  equally  distant  from  the  axis,  on  one  side  or  the  other:  but  this  seems 
to  be  disproved  by  the  fact  that  patients  who  have  been  long  afifected  with 
Conyergent  Strabismus,  and  who  see  equally  well  with  both  eyes  (as  many 
do),  are  not  troubled  with  double  vision.     On  the  other  hand,  when  a  per- 
son whose  eyes  look  straight  before  him,  is  the  subject  of  a  disorder  which 
renders  their  motions  in  any  degree  irregular,  he  is  at  once  afifected  with 
doable  vision;  and  the  same  has  been  noticed  to  be  a  common  immediate 
result  of  the  successful  operation  for  the  cure  of  strabismus,  where  vision 
is  good  in  both  eyes.  Although  the  images  were  previously  formed  on  parts 
of  the  retins  which  were  very  far  from  corresponding  with  each  other,  yet 
BO  sooner  is  the  position  of  the  eyes  rectified  (so  that  the  relation  between 
the  situation  of  the  images  is  the  same  as  it  would  have  been  in  a  sound  eye,) 
than  the  patient  sees  double.  Now  in  these  cases  the  difificuUy  very  speedily 
diminishes,  and  the  patient  soon  learns  to  see  single.     It  can  scarcely  be 
imagined,  then,  that  to  any  other  cause  than  habit,  is  to  be  attributed  the 
kmg  discussed  phenomenon  of  single  vision  with  two  eyes.     The  mind 
receives  the  two  images,  frequently  combining  them  together  (as  Mr.  Wheat- 
ftODe*s  ingenious  experiments  with  the  Stereoscope  have  most  satisfactorily 
shown  $  339)  to  produce  a  picture  in  relief;  and  so  long  as  these  are  con- 
veyed to  it  in  the  accustomed  manner,  it  reconciles  them  together,  even  if 
tile  parts  of  the  retinae  on  which  they  are  formed  do  not  correspond;  but  if 
any  circumstance  break  this  chain,  and  cause  the  images  to  be  transmitted 
to  the  sensorium  through  a  new  channel,  the  mind  requires  some  little  time 
to  adapt  itself  to  this  impression,  as  it  does  by  habit  to  almost  every  other.* 

•  That  there  is  a  greater  tendency  to  consent  between  the  images,  when  they  are 
fonned  upon  corresponding  parts  of  the  retinae,  the  Author  readily  admits;  and  he 
thinks  that  this  is  a  principle  of  some  importance,  in  explaining^  the  re-adjusiment  of 
ikceyes  sft^r  the  operation  for  Strabi>mus.  Every  one  who  has  seen  much  of  this 
operation  is  aware,  that  the  re-adjastment  of  the  eye  is  not  always  immediate,  but 
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254.  If  this  be  admitted,  we  gain  an  important  step  in  the  explanation 
of  the  Consensual  movements  of  the  eye.  The  object  to  be  attained  is 
evidently  this — that  the  usucU  axes  of  the  eye  should  always  be  directed 
towards  the  object  to  be  viewed;  and  this,  as  we  have  seen,  involves  the 
necessity  (in  a  great  majority  of  cases),  of  unsymmetrical  movements 
being  performed  by  the  two  eyeballs.     Now  it  is  fair  to  argue  from  the 

that|  after  the  muscle  has  been  freely  divided,  the  eye  oAen  remains  somewhat  in- 
verted for  a  few  days,  gradually  acquiring  its  straight  position.  The  Author  has 
known  one  case  in  which,  after  such  a  degree  of  temporary  inversion  as  seemed  to 
render  the  success  of  the  operation  very  doubtful,  ever^ion  actually  took  place  for  a 
short  time  to  a  considerable  extent}  after  which  the  axes  became  parallel,  and  have 
remained  so  ever  since. 

Another  argument,  derived  from  the  results  of  this  operation,  in  favour  of  the  con- 
sensual movement  being  chiefly  dependent  upon  the  place  of  the  impressions  on  the 
retina,  is,  that  it  is  much  more  successful  in  those  cases,  in  which  the  sight  of  the 
most  displaced  eye  is  good,  than  in  those  in  which  (as  not  unfrequently  happens  from 
long  disuse)  it  is  much  impaired.  In  cases  of  the  latter  class,  the  cure  is  seldom  com- 
plete. There  is  one  more  curious  fact  which  may  be  adverted  to  in  reference  to  this 
subject:  that  Strabismus  not  unfrequently  arises  from  the  formation  of  an  opaque  spot 
on  the  centre  of  the  cornea,  which  prevents  the  formation  of  any  images  on  the  retina, 
except  by  the  oblique  rays;  and  nature  seems  to  endeavour  (so  to  speak)  to  repair  the 
miscniei,  by  causing  the  eye  to  assume  the  position  most  favourable  for  thereceplioa 
of  these. 

To  one  more  point  only,  connected  with  the  subject  of  Strabismus,  would  the  Au- 
thor now  allude.  He  is  well  convinced,  from  repeated  observation,  that  those  8or- 
geons  are  in  the  right,  who  have  maintained,  in  a  recent  controversy,  that,  in  a  large 
proportion  of  cases,  strabismus  is  caused  by  an  affection  of  both  sets  of  muscles  or 
nerves,  and  not  of  one  only;  and  that  it  then  requires,  for  its  perfect  cure,  thedivisioa 
of  the  corresponding  muscle  on  both  sides.  Cases  will  be  frequently  met  with,  in  which 
this  is  evident;  the  two  eyes  being  employed  to  nearly  the  same  extent,  and  the  pa- 
tient giving  to  both  a  slight  inward  direction,  when  desired  to  look  straight  forwards. 
In  general,  however,  one  eye  usually  looks  straight  forwards,  whilst  the  other  is 
greatly  inverted;  and  the  sight  of  the  inverted  eye  is  frequently  affected  to  a  con- 
siderable degree  by  disuse;  so  that,  when  the  patient  voluntarily  rotates  it  into  its 
proper  axis,  his  vision  with  it  is  far  from  distinct.  Some  Surgeons  have  maintained 
that  the  inverted  eye  is  usually  the  only  one  in  fault,  and  consider  that  the  division 
of  the  tendon  of  its  Internal  Rectus  is  sufhcieni  for  the  cure.  They  would  even  divide 
its  other  tendons,  if  the  parallelism  be  not  restored,  rather  than  touch  the  other  eye. 
The  Author  is  himself  satisfied,  however,  that  the  restriction  of  the  abnormal  state  to 
a  single  eye,  is  the  exception,  and  not  the  rule,  in  all  but  very  slight  cases  of  strabis- 
mus; and  to  this  opinion  he  is  led  both  by  the  consideration  of  the  mode  in  which  stra- 
bismus first  takes  place,  and  by  the  resulLs  of  the  operations  which  have  come  under 
his  notice.  If  the  eyes  of  an  infant  affected  with  cerebral  disease  be  watched,  there 
will  frequently  be  observed  in  them  very  irregular  movements;  the  axes  of  the  two 
being  sometimes  extremelv  convergent,  and  then  very  divergent.  This  irregularity 
is  rarely  or  never  seen  to  be  confined  to  one  eye.  Now  in  a  lai^e  proportion  of  cases 
of  Strabismus,  the  malady  is  a  consequence  of  some  cerebral  affection  during  infancy 
or  childhood,  which  we  can  scarcely  suppose  to  have  affected  one  eye  only.  Again, 
in  other  instances  we  find  the  Strabismus  to  have  resulted  from  the  constant  direciioa 
of  the  eyes  to  very  near  objects,  as  in  short-sighted  persons;  and  here,  too,  the  cause 
manifestly  affects  both.  Now  it  is  easy  to  understand,  why  one  eye  of  the  patient 
should  appear  to  be  in  its  natural  position,  whilst  the  other  is  greatly  inverted.  The 
cause  of  strabismus  usually  affects  the  two  eyes  somewhat  unequally,  so  that  one  is 
much  more  inverted  than  the  oiher.  We  will  call  the  least  inverted  eye  A,  and  the 
other  B.  In  the  ordinary  acts  of  vision,  the  patient  will  make  most  use  of  the  least 
inverted  eye.  A,  because  he  can  most  readily  look  straight  forwards  or  outwards  with 
it;  but  to  bring  it  into  the  axis,  or  to  rotate  it  outwards,  necessitates  a  still  more  de- 
cided inversion  of  B.  This  remains  the  position  of  things, — the  patient  usually  look- 
ing straight  forward  with  A,  which  is  the  eye  constantly  employed  for  the  purposes 
of  vision, — and  frequently  almost  burying  under  the  inner  canthus  the  other  eye,  B, 
the  vision  in  which  is  of  very  little  use  to  him.  When,  therefore,  the  tendon  of  the 
internal  rectus  of  B  is  divided,  the  relative  position  of  the  two  is  not  entirely  rectified. 
Sometimes  it  appears  to  be  so  for  a  lime;  but  the  strabismus  then  begins  to  return,  and 
it  can  only  be  checked  by  division  of  the  teudon  of  the  other  eye,  A;  after  which,  the 
cure  is  generally  complete  and  permanent.    That  it  has  not  been  so  in  many  of  the 
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facts  already  stated  (respecting  the  distribution  of  the  Third  pair,  and  the 
known  functions  of  its  inferior  branch),  that,  in  directing  our  eyes  by  ^ 
Tolantary  effort  to  any  particular  object,  the  will  acts  chiefly  upon  one  eye, 
and  that  the  other  follows  its  direction  by  an  automatic  movement.  This 
automatic  movement  appears  to  be  governed  by  the  relative  place  of  the 
images  upon  the  retinae.  It  is  well  known  that,  in  children  born  blind,  the 
movements  are  not  consensual;  they  are  frequently  very  far  from  being  so, 
in  cases  of  congenital  cataract,  where  a  considerable  amount  of  light  is  evi- 
dently admitted,  but  where  no  distinct  image  can  be  formed;  and  in  such 
eases  the  movements  are  most  consensual  where  the  object  is  bright  or  lumi- 
nous, and  a  more  vivid  impression  therefore  made  upon  the  retina.  It  is 
no  objection  to  this  theory  to  say,  that  persons  who  have  become  blind  may 
still  move  their  eyes  in  a  consensual  manner;  since,  the  habit  of  the  associ- 
ation of  particular  movements  having  been  once  acquired,  the  known  laws 
of  nervous  action  account  for  its  continuance;  and,  as  a  matter  of  fact,  a 
want  of  consent  may  be  often  noticed  where  the  blindness  is  total.  The 
peculiar  vacant  appearance  which  may  be  noticed  in  the  countenances  of 
persons  completely  deprived  of  sight,  by  amaurotic  or  other  affections  which 
do  not  alter  the  external  aspect  of  the  eyes,  seems  to  result  from  this,^-that 
their  axes  are  parallel,  as  if  the  individual  were  looking  into  distant  space, 
instead  of  presenting  that  slight  convergence,  which  must  always  exist  be- 
tween them,  when  the  eyes  are  fixed  upon  a  definite  object.  This  conver- 
gence, which  is  of  course  regulated  by  the  Internal  Recti,  varies  in  degree 
according  to  the  distance  of  the  object;  and  it  is  astonishing  how  minute  an 
alteration  in  the  axes  of  the  eyes  is  perceptible  to  a  person  observing  them. 
For  instance,  A  sees  the  eyes  of  B  directed  towards  his  face,  but  he  perceives 
that  B  is  not  looking  at  him;  he  knows  this  by  a  sort  of  intuitive  interpre- 
tation of  the  fact,  that  his  face  is  not  the  point  of  convergence  of  B's  eyes. 
But  if  B,  who  might  have  been  previously  looking  at  something  nearer  or 
more  remote  than  A's  face,  fix  his  gaze  upon  the  latter,  so  that  the  degree 
of  the  convergence  of  the  axis  is  altered,  without  the  general  direction  of  the 
eyes  being  in  the  least  affected,  the  change  is  at  once  perceived  by  the  per- 
son so  regarded;  and  the  eyes  of  the  two  then  meet, 

255.  The  foregoing  considerations  may  be  summed  up  in  this  simple 
ftatement;— that,  when  the  axis  of  one  eye  is  voluntarily  directed  towards 
an  object,  there  is  an  instinctive  tendency  on  the  part  of  the  Nervous  Sys- 
tem and  the  muscles  by  which  it  acts,  to  effect  a  consensual  movement  of 
the  other,  so  that  its  accustomed  axis  also  shall  be  directed  towards  the 
object.  This  principle  fully  accounts  for  the  only  non-consensual  movemeni, 
which  can  be  performed  in  any  way  voluntarily, — that  oiboth  eyes  inwards, 
otdowntoards  and  inwards,  which  is  effected  by  the  conjoint  action  of  the 
Internal  Recti.     Some  persons  possess  the  power  of  performing  this  to  a 


on  which  operations  have  been  performed,  the  Author  attributes,  without  the 
digbtest  doubt  io  his  own  mind,  to  the  neglect  of  the  second  operation.  As  just  now 
suiedjthe  sight  of  fhe  most  inverted  eye  is  frequently  very  imperfect;  indeed  it  is 
iK>me:iine$  impaired  to  such  an  extent,  that  the  patients  speak  of  it  as  entirely  useless. 
That  this  impairment  results  in  part  from  disuse  merely,  seems  very  evident,' from  the 
great  improvement  which  often  succeeds  the  rectification  of  the  axes.  The  Author 
cannot  help  thinking  it  probable,  however,  that  the  same  cause  which  produced  the 
&tortioD  of  the  eye  may,  in  some  instances  at  least,  have  affected  the  Optic  nerve,  as 
well  a&  the  Motor  nerves  of  the  orbit;  and  this  idea  is  borne  out  by  the  fact  of  the 
Rstoration  of  sight,  in  certain  cases  of  Amaurosis,  by  division  of  one  or  more  tendons, 
vhere  no  Strabismus  previously  existed.  (See  Adams  on  Muscular  Amauro^is.)  It 
iiroterei^tiDg  to  remark  that,  in  these  cases.  Strabismus  was  usually  the  first  effect  of 
the  operation;  but  that  the  eye  generally  recovered  its  ordinary  position  within  a  short 
t'oie,  especially  when  the  sight  was  improving. 

24 
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much  greater  degree  than  others;  but  in  all  instances,  the  eyes  must  be  fixed 
upon  an  object;  and  thus  the  movement  is  as  referable  as  any  other  to  this 
principle.  It  is,  perhaps,  desirable  to  qualify  the  classification  of  the  nerves 
and  muscles  of  the  Orbit  proposed  by  Valentin,  by  admitting  that  all  have 
in  some  degree  a  voluntary,  and  in  some  degree  an  automatic  action;  but 
that  voluntary  power  predominates  in  regard  to  one  group,  whilst  the  other 
is  more  commonly  acted  on  by  an  automatic  impulse.  It  is  clear  that  the 
will  must  have  some  power  over  the  Inferior  Rectus,  for  example;  since 
both  eyes  can  be  voluntarily  directed  downwards.  But  the  power  of  the 
"Will  over  this  muscle  is  much  less  than  it  is  over  the  Superior  Rectus;  as 
is  shown  by  the  fact,  that,  if  we  direct  the  eyes  downwards,  and  then  close 
the  lids,  no  effort  of  volition  can  prevent  the  eye  from  being  rolled  upwards 
by  the  Inferior  Oblique;  and  that,  whilst  the  lids  remain  closed,  the  pupils 
cannot  be  directed  downwards  in  any  considerable  degree.  It  is  evident, 
then,  that  the  impression  of  an  object  upon  the  retina  is  almost  as  necessary 
to  occasion  the  combined  action  of  the  Inferior,  as  it  is  to  produce  that  of 
the  Internal  Recti.  The  case  is  very  different  in  regard  to  the  Superior 
Recti,  which  can  be  made  to  act  together,  in  any  degree,  without  the  neces- 
sity of  a  visual  impression. 

256.  It  has  been  pointed  out  by  Miiller  as  an  obvious  reason  for  the  sepa- 
ration of  the  sixth  from  the  third  pair  of  nerves,  that  there  is  usually  a  great 
tendency  to  consentient  action  between  the  nerves  of  the  two  sides,  which 
pass  off  from  the  same  point  of  the  cerebro-spinal  axis, — as  we  see  in  the 
case  of  Reflex  movements  of  both  sides  (such  as  that  of  the  pupil),  which 
are  excited  by  a  stimulus  applied  to  one  only;  and  that  this  holds  good  also 
in  those  movements  of  the  eyes,  which  are  effected  by  the  third  pair  exclu- 
sively,— such  as  the  elevation  or  depression  of  both  pupils:  but  in  the  hori- 
zontal movements  of  the  eyeballs,  two  different  actions  are  being  performed 
on  the  two  sides  respectively;  and  it  may  be  conceived  that  this  may  be 
more  readily  accomplished  by  two  different  nerves,  than  by  branches  of  the 
same.  We  may  admit  some  truth  in  this  idea,  without  attributing  much 
weight  to  it.  It  has  been  already  stated  as  a  result  of  Embryological  re- 
search, that  all  the  Nerves  of  the  Orbit  do  in  reality  form  part  of  the  Spinal 
nerve,  to  which  the  fifth  pair  alone  has  been  commonly  regarded  as  equiva- 
lent; and  it  is  well  known  that  we  can  perform  many  different  actions  on 
the  two  sides,  through  the  medium  of  the  same  nerves,  at  the  same  time. 
It  is  remarkable,  however,  that  there  are  some  dissimilar  movements  which 
it  is  impossible  to  execute,  with  any  degree  of  rapidity,  except  by  lonr 
practice:  thus,  if  we  move  the  right  hand  as  if  winding  on  a  reel,  and 
afterwards  make  the  left  hand  revolve  in  a  contrary  direction,  no  difficulty 
is  experienced;  but  if  we  attempt  to  move  the  two  at  the  same  time  in  con- 
trary directions,  we  shall  find  it  almost  impracticable. 

257.  There  can  be  no  doubt  that,  in  these  and  many  other  voluntary 
movements,  we  are  guided  by  the  sensations  communicated  through  the 
afferent  nerves,  which  indicate  to  the  mind  the  state  of  the  muscle.  Many 
interesting  cases  are  on  record,  which  show  the  necessity  of  this  ipuscular 
flense,  for  determining  voluntary  contraction  of  the  muscle.  Thus^TTTJT 
Bell  (who  prominently  directed  attention  to  this  class  of  facts  under  the 
designation  of  the  Nervous  Circle)  mentions  an  instance  of  a  woman  who 
was  deprived  of  it  in  her  arms,  without  losing  the  motor  power;  and  she 
stated  that  she  was  obliged  to  keep  her  eyes  constantly  fixed  on  any  thing 
(even  her  child)  which  she  held  in  her  hands,  as  she  could  not  continue  the 
muscular  effort,  when  no  longer  informed,  by  one  sense  or  the  other,  that  it 
was  necessary.     Now  the  only  real  difference  between  the  case  of  the 
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ordioaiy  muscles,  and  that  of  the  muscles  of  the  eyeball,  is  (as  Dr.  Alison* 
has  justly  remarked)  that  the  guiding  sensations  are  those  received  through 
the  Retina  in  the  latter  case,  whilst  in  the  former  they  are  those  of  the 
muscles  themselves.  It  way  be  asked  in  what  such  conaensHal  movements, 
as  those  of  the  Eye,  differ  from  those  of  a  reflex  character.  The  answer 
is  simply,  that  the  former  cannot  be  effected  without  consciousness,  and 
some  mental  condition  supervening  upon  it;  whilst  in  the  latter,  sensation 
has  been  shown  not  to  be  a  necessary  link.  The  former  may  be  as  much 
mvolantaiy  as  the  latter,  as  is  shown  in  the  effects  of  tickling,  which  could. 
not  be  manifested  in  an  unconscious  individual;  here  a  condition  very  much 
resembling  an  emotion  is  produced;  and  from  this,  as  from  other  emotions, 
Tarioos  combined  movements  may  result,  with  which  volition  has  nothing 
to  do.  Tlie  same  may  probably  be  said  of  the  Instinctive  actions  of  animals, 
which,  as  will  presently  appear,  are  probably  to  be  referred  to  the  same 
category  with  the  purely  Emotional  acts  of  Man;  in  both  Sensation,  and 
that  nsnallj  of  a  special  kind,  is  a  necessary  link.  Further  it  would  appear 
that  aetions,  which  were  originally  of  a  completely  voluntary  character, 
may  come  by  habit  to  be  performed  within  the  shorter  channel;  thus  a 
Musician  will  play  a  difficult  piece  whilst  keeping  up  a  conversation  on  an 
entirely  different  subject;  and  here  the  muscular  movements  are  guided  not 
only  by  the  sensations  produced  by  their  own  contraction,  but  also  by  the 
anticipation  of  the  auditory  sensations  which  will  result  from  their  opera- 
tion. 

Functions  of  the  Encephalon. 

858.  The  portion  of  the  Nervous  Centres  contained  within  the  cranium, 
tnd  commonly  designated  collectively  as  the  Encephalon^  may  be  regarded 
as  consisting  of  three  principal  divisions: — 1,  the  Cerebral  Hemispheres^ 
which,  in  the  Mammalia,  and  especially  in  Man,  constitute  by  far  the 
largest  portion  of  the  whole;  2,  the  Cerebellum,  the  complete  separation  of 
which  from  the  Cerebrum,  and  its  distinct  connections  with  the  Medulla 
Oblongata,  mark  it  out  as  an  organ  of  peculiar  character;  and  3,  the  Medulla 
Oblongata,  or  cranial  prolongation  of  the  Spinal  Cord,  which  is  connected 
at  its  upper  end  with  the  ganglia  of  special  sensation,  and  with  the  Thalami 
optici,  which  may  probably  be  regarded  as  the  corresponding  recipients  of 
oidinary  sensory  impressions.  It  has  been  already  shown  that  the  lower 
urt  of  tills  is  peculiarly  connected  with  the  functions  of  Respiration  and 
Deglutition;  and  we  have  now  to  inquire  what  special  function  can  be 
attributed  to  these  ganglionic  enlargements  at  its  upper  end.  That  a  large 
immber  of  the  actions  of  the  lower  animals  are  immediately  prompted  by 
sensations,  without  the  intervention  of  reasoning  processes,  is  universally 
admitted;  and  to  these  actions  the  term  Instinctive  is  ordinarily  given. 
They  appear  to  result  from  the  direct  operation  of  a  mental  condition,  ana- 
logous to  that  which  exists  in  Man,  when  the  emotions,  passions,  or  pro- 
pensities are  so  strongly  excited,  as  to  act  at  once  on  the  body  without  the 
intervention  of  the  Will.  In  the  purely  reflex  movements,  it  has  been  shown 
that  sensation  is  not  a  necessary  link.  On  the  other  hand,  in  Voluntary 
arte,  neither  sensations  nor  emotions  directly  affect  the  body,  but  only  serve 
to  stimulate  the  reasoning  processes,  and  to  supply  motives  to  the  judgment; 
and  the  operations  of  this  terminate  in  the  formation  of  a  Volition,  the  com- 

♦  ADatomical  and  Physiological  Inferences  from  the  Siudy  of  the  Nerves  of  ihe 
Orljit;  in  Trans,  of  Roy.  Soc.  of  Edin.  Vol.  xv. 
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mands  of  which  are  conveyed  to  the  muscle  through  a  channel  structurally 
distinct,  as  cases  of  paralysis  fully  prove,  from  that  which  is  the  medium 
of  Emotional  actions. 

259.  That  many  of  the  lower  animals  possess  psychical  endowments, 
corresponding  with  those  which  we  term  the  intellectual  powers  and  moral 
feelings  in  Man,  cannot  be  doubted  by  any  person  who  has  attentively 
studied  their  characters;  but  in  proportion  as  these  are  undeveloped,  in  that 
proportion  is  the  animal  under  the  dominion  of  those  Instinctive  impulses, 
which,  so  far  as  its  own  consciousness  is  concerned,  may  be  designated  as 
blind  and  aimless,  but  which  are  ordained  by  the  Creator  for  its  protection 
from  danger,  and  the  supply  of  its  natural  wants.  The  same  may  be  said 
of  the  Human  infant,  or  of  the  Idiot,  in  whom  the  reasoning  powers  are  un- 
developed. Instinctive  actions  may  in  general  be  distinguished  from  those 
which  are  the  result  of  voluntary  power  guided  by  reason,  chiefly  by  the 
two  following  characters: — 1.  Although,  in  many  cases,  experience  is 
required  to  give  the  Will  command  over  the  muscles  concerned  in  its  opera- 
tions, no  experience  or  education  is  required,  in  order  that  the  different 
actions  which  result  from  an  Instinctive  impulse  may  follow  one  another 
with  unerring  precision.  2.  These  actions  are  always  performed  by  the 
same  species  of  animal,  nearly,  if  not  exactly,  in  the  same  manner;  pre- 
senting no  such  variation  in  the  means  adapted  to  the  object  in  view,  and 
admitting  of  no  such  improvement  in  the  progress  of  life,  or  in  the  succes- 
sion of  ages,  as  we  observe  in  the  habits  of  individual  men,  or  in  ;the 
manners  and  customs  of  nations,  that  are  adapted  to  tlie  attainment  of  any 
particular  ends,  by  those  voluntary  efforts  which  are  guided  by  reason.  The 
fact,  too,  that  these  instinctive  actions  are  often  seen  to  be  performed  under 
circumstances  rendering  them  nugatory,  as  reason  informs  us,  for  the  ends 
which  they  are  to  accomplish  (as  when  the  Flesh-fly  deposits  her  egg  on  the 
Carrion-plant  instead  of  a  piece  of  meat,  or  when  the  Hen  sits  on  a  pebble 
instead  of  her  egg),  is  an  additional  proof  that  the  Instinctive  actions  of 
animals  are  prompted,  like  the  consensual  movements  we  have  been  recently 
inquiring  into,  by  an  impulse  which  immediately  results  from  a  particular 
sensation  being  felt,  and  not  by  anticipation  of  the  effect  which  the  action 
will  produce. 

260.  The  correspondence  between  the  purely  Emotional  actions  in  Man, 
and  those  actions  in  the  lower  animals  to  which  we  give  the  name  of  In- 
stinctive, may  be  made  evident  by  a  very  simple  illustration.  The  Cuttle- 
fish is  well  known  to  discharge  its  ink,  when  pursued,  and  to  tinge  the  water 
around  with  a  colour  so  deep,  as  to  enable  it  to  escape  under  the  cloud  thus 
formed.  Now  it  is  not  to  be  supposed  that  the  Cuttle-fish  has  any  notion 
of  the  purpose  which  this  act  will  serve;  since  its  constancy  and  uniformity « 
and  the  provision  for  its  performance  immediately  on  the  emersion  of  the 
young  animal  from  the  egg,  forbid  our  regarding  it  as  the  result  of  any  act 
of  reasoning.  Further,  the  ink  is  an  excretion  which  corresponds  to  the 
urine  (having  been  found  to  contain  urea);  and  every  one  knows  how  strong 
an  impulse  to  discharge  this  is  frequently  caused  by  mental  emotion.  The 
same  may  be  said  of  the  strongly  odorous  secretions  possessed  by  many 
Mammalia,  which  are  discharged  under  similar  circumstances,  and  evidently 
with  the  same  object,  though  of  that  object  the  animal  itself  be  not  conscious. 
The  emotion  of  fear  involuntarily  opens  the  sphincters,  and  causes  the  con- 
traction of  the  receptacle,  in  one  case  as  in  the  other:  and  the  great  differ- 
ence in  the  condition  of  Man  and  of  the  lower  animals,  in  this  respect,  is 
simply  that,  in  the  former,  the  purely  emotional  or  instinctive  actions  are 
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few  in  comparison  with  the  whole,  whilst  in  the  latter  they  constitute  by 
far  the  largest  part« 

261.  Dr.  M.  Hall  is  of  opinion,  that  the  Spinal  System  of  nerves  consti- 
tutes the  channel  of  Emotional  actions.  There  is  no  other  evidence  for  this, 
however,  than  the  occasional  manifestation,  in  cases  of  paralysis,  of  reflex 
and  emotional  actions,  when  voluntary  control  is  lost.  Such  cases  only 
prove,  however,  that  emotional  actions  are  not  volitional;  they  are  far 
from  proving  them  to  be  Spinal.  If  the  essential  correspondence  between 
the  purely  Emotional  acts  of  Man,  and  the  Instinctive  acts  of  the  lower  ani- 
mals be  admitted,  we  may  reasonably  localize  the  centre  more  satisfactorily 
in  that  chain  of  ganglionic  masses,  which  only  occupies  the  centre  of  the 
base  of  the  brain  in  Man,  but  which,  in  the  lower  Vertebrata,  possesses  an 
aggregate  dimension  far  exceeding  that  of  the  Cerebral  hemispheres.  We 
are  led  to  such  a  localization  by  a  very  simple  and  satisfactory  train  of  rea- 
soning. The  actions  in  question  are  not  simply  reflex;  since  sensation, 
and  something  of  the  nature  of  emotion,  both  involving  consciousness,  are 
elements  in  their  performance;  and,  moreover,  these  sensations  are  rather 
of  the  apeeial  than  of  the  common  character,  involving,  therefore,  the  olfac- 
toryt  optic,  and  auditory  ganglia.  No  intelligent  person  can  doubt,  that,  as 
we  descend  the  scale  of  being,  instinct  is  gradually  superseding  reason;  and 
that  in  the  lowest  Vertebrata  (we  go  no  further,  because  no  comparison  be- 
tween the  parts  of  the  nervous  centres  could  be  made  with  equal  certainty 
between  animals  of  a  diflferent  type,)  the  manifestations  of  the  latter  are  ex- 
tremely feeble,  nearly  all  the  actions  of  life  being  guided  by  the  former. 
Now  on  looking  at  the  Encephalon,  we  perceive  a  diflference  in  the  relative 
proportions  of  its  principal  divisions  so  closely  corresponding  with  these, 
that  it  is  difficult  to  imagine  them  unconnected.  In  proportion  as  we  descend 
the  scale,  we  find  the  Cerebral  Hemispheres  diminishing  in  relative  size, 
whilst  the  Ganglia  at  the  origins  of  the  nerves  of  special  sensation  increase 
to  a  remarkable  degree;  and  we  cannot,  therefore,  but  consider  it  probable, 
that  these  ganglia  and  tracts  of  grey  matter,  whose  size  is  in  Man  so  trifling 
in  comparison  to  the  bulk  of  his  Cerebral  hemispheres,  are  subservient  to 
those  Instinctive  actions  which  are  prompted  by  sensations,  but  in  which 
volition  does  not  partake. 

202.  It  may  be  said  that,  in  attributing  to  this  division  of  the  nervous 
centres  a  function  diflerent  from  that  of  the  Spinal  Cord,  on  the  one  hand, 
and  of  the  Brain,  on  the  other,  we  are  unnecessarily  multiplying  the  sys- 
tems of  nervous  fibres  which  must  then  be  supposed  to  exist  in  every  trunk; 
—one,  namely,  for  reflex  actions, — another  for  the  instinctive  and  emotional, 
and  a  third  for  the  volitional.  But  the  tendency  of  Neurological  research 
has  certainly  been  to  show,  that  diflerent  functions  are  performed  by  the 
same  trunk,  in  virtue  of  its  containing  fibres,  which  are  connected  with  dif- 
ferent divisions  of  the  nervous  centres;  and  knowing,  as  we  do,  that  these 
three  distinct  sources  of  action  have  a  real  existence,  it  cannot  be  regarded 
as  improbable,  that  their  channels  also  should  be  separate.  Those  who 
entertain  the  idea  that  diflferent  parts  of  the  Cerebral  hemispheres  perform 
different  offices  in  the  reasoning  process  (an  idea  which  the  Author  cannot 
bat  regard  as  probable),  can  scarcely  refuse  to  admit  that  the  ganglionic  mat- 
ter which  lies  near  the  base  of  these,  is  likely  to  have  a  function  quite  dis- 
^t  from  that  of  the  convolutions.  On  turning  to  the  Invertebrata,  we  find 
important  confirmation  of  these  views  in  the  fact,  that,  in  general,  the  prin- 
cipal ganglionic  masses  occupying  the  place  of  the  Brain  of  higher  animals 
tre  closely  connected  with  the  organs  of  special  sensation  situated  in  the 
head,  and  are  therefore  analogous  to  the  Optic  and  other  ganglia  in  Verte- 
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brata;  whilst  scarcely  any  traces  can  be  found  of  superadded  ganglionic 
bodies  at  all  resembling  the  Cerebral  hemispheres.  The  almost  exclusively 
Instinctive  character  of  the  actions  of  such  animals,  harmonizes  well  with 
the  opinion,  that  these  ganglia  are  the  chief  sources  of  them. 

263.  The  Emotions  are  concerned  in  Man,  however,  in  many  actions, 
which  are  in  themselves  strictly  voluntary.  Unless  they  be  strongly  excited, 
80  as  to  get  the  better  of  the  will,  they  do  not  operate  directly  through  the 
nervous  trunks,  but  are  subservient  to  the  intellectual  operations,  to  which 
they  supply  materials,  or  motives.  Thus,  of  two  individuals,  with  differ- 
ently constituted  minds,  one  shall  judge  of  every  thing  through  the  medium 
of  a  gloomy  morose  temper,  which,  like  a  darkened  glass,  represents  to  his 
judgment  the  whole  world  in  league  to  injure  him:  and  all  his  determina- 
tions, being  based  upon  this  erroneous  view,  exhibit  the  indications  of  it  in 
his  actions,  which  are,  nevertheless,  of  an  entirely  voluntary  character.  On 
the  other  hand,  a  person  of  a  cheerful,  benevolent  disposition,  looks  at  the 
world  around  as  through  a  Claude  Lorraine  glass,  seeing  every  thing  in  its 
brightest  and  sunniest  aspect;  and,  with  intellectual  faculties  precisely  similar 
to  those  of  the  former  individual,  he  will  come  to  opposite  conclusions,  be- 
cause the  materials  which  form  the  basis  of  his  judgment,  are  submitted  to 
it  in  a  very  different  form.  Various  forms  of  moral  insanity  exhibit  the 
same  contrast  in  a  yet  more  striking  light.  We  not  unfrequently  meet  with 
individuals,  still  holding  their  place  in  society,  who  are  accustomed  to  act 
so  much  upon  feeling,  and  to  be  so  little  guided  by  retMon,  as  to  be  scarcely 
regarded  as  sane;  and  a  very  little  exaggeration  of  such  a  tendency  causes 
the  actions  to  be  so  injurious  to  the  individual  himself,  or  to  those  around 
him,  that  restraint  is  required,  although  the  intellect  is  in  no  way  disordered, 
nor  are  any  of  the  feelings  perverted.  Not  unfrequently  we  may  obsenre 
similar  inconsistencies,  resulting  from  the  habitual  indulgence  of  one  par- 
ticular feeling,  or  a  morbid  exaggeration  of  it.  The  mother  who,  through 
weakness  of  will,  yields  to  her  instinctive  fondness  for  her  offspring,  in 
allowing  it  gratifications  which  she  knows  to  be  injurious  to  it,  is  placing 
herself  below  the  level  of  many  less  gifted  beings.  The  habit  of  yielding 
to  a  natural  infirmity  of  temper  often  leads  into  paroxysms  of  ungovernable 
rage,  which,  in  their  turn,  pass  into  a  state  of  maniacal  excitement.  It  is 
not  unfrequently  seen  that  a  delusion  of  the  intellect  (constituting  what  is 
commonly  known  as  Monomania)  has  in  reality  resulted  from  a  disordered 
state  of  the  feelings,  which  have  represented  every  occurrence  in  a  wrong 
light  tq  the  mind  of  the  individual.  All  such  conditions  are  of  extreme  in- 
terest when  compared  with  those  which  are  nfet  with  amongst  idiots,  and 
animals  enjoying  a  much  lower  degree  of  intelligence;  for  the  result  is  much 
the  8ame,  in  whatever  way  the  balance  between  the  feelings  and  the  judg^ 
ment  (which  is  so  beautifully  adjusted  in  the  well-ordered  mind  of  Man] 
is  disturbed, — whether  by  a  diminution  of  the  intelligence,  or  by  an  exalta- 
tion of  the  feelings.  These  views  will  probably  be  found  correct,  whatever 
be  the  truth  of  the  speculation  with  which  they  have  been  here  connected, 
as  to  the  part  of  the  nervous  system  concerned  in  the  performance  of  the 
purely  Emotional  actions.  That  their  channel  is  alike  distinct,  howeTer^ 
from  that  of  the  voluntary  movements,  and  from  that  of  reflex  operationSt 
must  be  apparent  to  any  one  who  fairly  weighs  the  evidence. 

264.  The  degree  in  which  animals  high  in  the  scale  of  organization  can 
perform  the  functions  of  life,  without  any  other  centre  of  action  than  the 
Medulla  oblongata  and  Cerebellum,  appears  extraordinary  to  those,  who 
are  accustomed  to  regard  the  Cerebral  hemispheres  as  the  centre  of  aR 
energy.    From  the  experiments  of  Flourens,  Hertwig,  Magendie,  and 


FUNCTIONS  OF  THE  CEREBELLUM.  191 

Others,  it  appears  that  not  only  Reptiles,  but  Birds  and  Mammalia,  may 
som've  for  many  weeks  or  months  (if  their  physical  wants  be  duly  supplied) 
after  the  removal  of  the  whole  Cerebrum.  It  is  difficult  to  substantiate  the 
existence  in  them  of  actual  sensation;  but  their  movements  appear  to  be  of 
a  higher  kind  than  those  resulting  from  mere  Reflex  action.  One  of  the 
most  remarkable  phenomena  in  such  a  being,  is  the  power  of  maintaining 
its  equilibrium,  which  could  scarcely  exist  without  consciousness.  If  it  be 
laid  upon  the  back,  it  rises  again;  if  pushed,  it  walks.  If  a  Bird  thus  mu- 
tilated be  thrown  into  the  air,  it  flies;  if  a  Frog  be  touched,  it  leaps.  Such 
a  being,  when  violently  aroused,  has  all  the  manner  of  an  animal  waking 
from  sleep;  and  it  manifests  just  about  the  same  degree  of  consciousness 
with  a  sleeping  Man,  whose  torpor  is  not  too  profound  to  prevent  his  suffer- 
ing from  an  uneasy  position,  and  who  moves  himself  to  amend  it.  The 
negative  results  of  experiments  of  this  kind  are  much  more  satisfactory 
than  the  positive;  that  is  to  say,  if  we  are  able  to  substantiate  the  perform- 
ance of  a  particular  function,  after  the  removal  of  a  certain  organ,  we  may 
be  sure  that  the  function  is  not  dependent  on  that  organ.  But  the  converse 
does  not  hold  good;  for  it  frequently  happens  that,  when  such  violent  opera- 
tions are  prsctised  on  the  nervous  centres,  they  occasion  an  amount  of 
general  disturbance,  which  suspends  or  modifies  functions  that  have  no  im- 
mediate connection  with  the  organ  in  question;  so  that  we  cannot  safely 
ittribote  the  alteration  in  them  to  the  loss  of  it.  For  example,  Hertwig 
fSrand  that,  upon  removing  the  upper  part  of  the  hemispheres  in  a  pigeon, 
the  powers  of  sight  and  hearing  appeared  to  be  destroyed,  and  the  animal 
sat  in  one  spot,  as  if  asleep;  but,  being  fed  during  a  fortnight,  the  sensibility 
retumedv  and  the  bird  lived  for  three  months. 

266.  Among  the  ganglia  of  special  sensation,  the  functions  of  the  Optic 
Lobes,  or  Corpora  Quadrigeminaj  have  been  chiefly  examined.     The  re- 
searches of  Flourens  and  Hertwig  have  shown,  that  their  connection  with 
Ae  Tisual  function,  which  might  be  inferred  from  their  anatomical  relations, 
is  substantiated  by  experiment.   The  partial  loss  of  the  ganglion  on  one  side 
jHoduces  partial  loss  of  power  and  temporary  blindness  on  the  opposite  side 
of  the  body,  without  necessarily  destroying  the  mobility  of  the  pupil;  but 
the  removal  of  a  larger  portion,  or  complete  extirpation  of  it,  occasions  per- 
Banent  blindness  and  immobility  of  the  pupil,  with  temporary  muscular 
weakness,  on  the  opposite  sides.    This  temporary  disorder  of  the  muscular 
tjstem  sometimes  manifests  itself  in  a  tendency  to  move  on  the  axis,  as  if 
tbe  animal  were  giddy.     No  disturbance  of  consciousness  appears  to  be  pro- 
ceed; and  Hertwig  states  that  he  never  witnessed  the  convulsions,  which 
Flourens  mentions  as  a  consequence  of  the  operation,  and  which  were  pro- 
kUy  occasioned  by  his  incision  being  carried  too  deeply. 

Functions  of  the  Cerebellum. 

266.  In  regard  to  the  particular  purposes  which  are  served  by  the  Cere- 
bellum, physiologists  are  still  much  in  the  dark;  although  there  are  not 
vanting  those  who  consider  them  well  ascertained.  That  this  organ  has 
tome  special  function  distinct  from  that  of  the  Cerebral  hemispheres,  can 
•eaieely  be  doubted;  since  its  peculiar  structure  and  position,  its  independent 
ttmnections  with  tlie  Medulla  Oblongata,  and  its  extremely  variable  size 
Bdatively  to  the  remainder  of  the  Encephalon,  point  it  out  as  an  instrument 
tdapted  to  some  important  purpose.  We  shall  inquire  briefly  into  the  nature 
sf  the  evidence  respecting  its  function,  which  is  supplied  to  us  by  Compa- 
niive  anatomy,  by  Experiment,  and  by  Pathological  phenomena.    A  Cere- 
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bellum  IS  found  in  all  Vertebrated  animals;  although  it  is  in  some  extremely 
small,  looking  like  a  little  prominence  on  the  Medulla  Oblongata.  When 
this  is  the  case,  it  is  observed  that  the  whole  mass  is  not  a  miniature  (so  to 
speak)  of  the  large  Cerebellum  of  Man,  but  that  the  central  portion  (termed 
the  vermiform  process)  is  the  part  most  developed;  the  lobes  not  presenting 
themselves,  until  the  organ  has  acquired  an  increased  dimension.  The  fol- 
lowing table,  constructed  from  materials  contained  in  Serres'  most  valuable 
Comparative  Anatomy  of  the  Brain,  will  afford  some  idea  of  the  materials 
for  speculating  on  the  nature  of  the  function  of  the  Cerebellum,  which  we 
obtain  from  this  source.  The  first  column  gives  the  diameter  of  the  Spinal 
Cord,  at  the  second  cervical  vertebra;  in  the  two  succeeding  columns  are 
stated  the  transverse  and  the  antero-posterior  diameters  of  the  Cerebellum; 
these  dimensions  are  stated  in  hundred-thousandths  of  a  metre.  The  fourth 
column  expresses,  in  round  numbers,  the  proportion  which  the  diameters  of 
the  Cerebellum  bear  to  that  of  the  Spinal  Cord;  the  latter  being  reckoned 
as  1. 


Mammalia. 

Diam.  of  Spinal 

Cord  at  2d  Cervical 

Venebra. 

Transverae  Diam. 
of  Cerebellum. 

ADtero<Poflierior 

Diameter 
of  Cerebellum. 

Proportlong. 

Man     .     .     . 
Simia  Rubra  . 
Bear    .     .     . 
Dog     .     .     . 
Dromedary    . 
Kangaroo .     . 

1100 
900 
1300 
1100 
1900 
1200 

12,000 
4500 
6900 
4200 
7100 
3800 

6000 
2443 
3500 
2525 
4600 
2600 

11   — 6i 
6  — 2i 
4i— 24 
33—2* 
31—21 
3^-2^ 

Birds. 

Falcon      .     . 
Swallow   .     . 
Turkey     .     . 
Ostrich     .     . 

400 

3175 

500 

700 

1350 

500 

1350 

1760 

1100 

600 

1600 

2500 

3i— 21 
3  — 3i 

^ — ^2* 

2j— 3| 

Reptiles. 

Crocodile .     . 
Frog    .     .     . 

300 
300 

500 
300 

400 
200 

If— U 
1-f 

Fishes. 

Shark  .     .     . 
Cod     .     .     . 
Turbot      .     . 
Lamprey  .     . 

700 
675 
500 
275 

1700 

1350 

750 

225 

3100 

1700 

900 

100 

2J— 4i 
2i— 3 
14— U 

267.  This  table  affords  us  much  scope  for  interesting  speculation,  and 
may  be  applied  to  the  correction  of  hypotheses  erected  upon  other  founda- 
tions. Before  we  proceed  to  these,  however,  a  few  general  remarks  may 
be  made  upon  it.  In  the  first  place,  the  proportional  development  of  the 
Cerebellum  is  seen  to  be  smallest  in  the  Vermiform  Fishes,  which  approach 
most  nearly  to  the  Invertebrata;  but  it  is  much  greater  in  the  higher  Fishes 
than  it  is  in  Reptiles.  If  we  consider  in  what  particular,  that  may  be  reap 
sonably  supposed  to  have  a  cohnection  with  this  organ,  the  former  surpaM 
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the  latter,  we  should  at  once  be  struck  with  their  superiority  in  activity  and 
variety  of  movement.  Passin^^  on  to  Birds,  we  remark  that  its  average 
dimensions  greatly  surpass  those  of  the  organ  in  Reptiles;  but  that  they  do 
not  exceed  those  occasionally  met  with  in  Fishes.  The  greatest  size  is  not 
found  in  the  species  which  approach  most  nearly  to  the  Mammalia  in  general 
conformation,  such  as  the  Ostrich;  but  in  those  of  most  active  powers  of 
flight.  Lastly,  on  ascending  the  scale  of  Mammiferous  animals,  we  cannot 
but  be  struck  with  the  rapid  advance  in  proportional  size  that  we  observe, 
as  we  rise  from  the  lowest,  which  are  surpassed  in  this  respect  by  many 
Birds,  towards  Man,  in  whom  it  attains  a  development  which  appears  enor- 
mous when  contrasted  even  with  that  of  the  Quadrumana. 

268.  We  have  next  to  inquire  what  evidence  can  be  drawn  from  Experi- 
mental investigations  on  the  same  subject;  and  in  reference  to  this  it  is  desi- 
rable to  remark,  in  the  first  place,  that  the  experimental  mode  of  inquiry  is 
perhaps  more  applicable  to  this  organ  than  to  the  other  parts  of  the  Ence- 
phalon,  iniamuch  as  it  can  be  altogether  removed  with  little  disturbance  of 
the  actions  immediately  essential  to  life;  and  the  animals  soon  recover  from 
the  shock  of  the  operation,  and  seem  but  little  affected,  except  in  some 
easily-recognized  particulars.     The  principal  experimenters  upon  this  sub- 
ject hare  been  Rolando,  Flourens,  Magendie,  and  Hertwig.     It  is  not  to 
be  expected  that  there  should  be  an  exact  conformity  among  the  results 
obtained  by  all.     Every  one  who  has  been  engaged  in  physiological  experi- 
ments, is  aware  of  the  amount  of  difference  caused  by  very  minute  variations 
in  their  circumstances;  in  no  department  of  inquiry  is  this  more  the  case 
than  in  regard  to  the  Nervous  system;  and  such  differences  are  yet  more 
likely  to  occur  in  experiments  made  upon  the  Nervous  Centres,  than  in 
those  which  concern  their  trunks.     The  investigations  of  Flourens  are  the 
most  clear  and  decisive  in  their  results;  and  of  these  we  shall  accordingly 
take  a  general  survey.     He  found  that,  when  the  Cerebellum  was  mechani- 
cally injured,  the  animals  gave  no  signs  of  sensibility,  nor  were  they  affected 
with  convulsions.     When  the  Cerebellum  was  being  removed  by  successive 
slices,  the  animals  became  restless,  and  their  movements  were  irregular; 
and  by  the  time   that  the  last  portion  of  the  organ  was  cut  away,  the 
animals  had  entirely  lost  the  powers  of  springinor,  flying,  walking,  standing, 
and  preserving  their  equilibrium, — in  short,  of  performing  any  combined 
moscular  movements,  which  are  not  of  a  simply-reflex  character.     When 
in  animal  in  this  state  was  laid  upon  the  back,  it  could  not  recover  its  former 
posture;  but  it  fluttered  its  wings  and  did  not  lie  in  a  state  of  stupor.    When 

S laced  in  the  erect  position,  it  staggered  and  fell  like  a  drunken  man, — not, 
owever,  without  making  efforts  to  maintain  its  balance.     When  threatened 
with  a  blow,  it  evidently  saw  it,  and  endeavoured  to  avoid  it.     It  did  not 
feem  that  the  animal  had  in  any  degree  lost  voluntary  power  over  its  several 
nnipcles;  nor  did  sensation  appear  to  be  impaired.   I'he  faculty  of  combining 
the  actions  of  the  muscles  in  groups,  however,  was  completely  destroyed, 
except  so  far  as  those  actions  (as  that  of  respiration)  were  dependent  only 
upon  the  Reflex  function  of  the  Spinal  Cord.     The  experiments  afforded 
tile  same  results,  when  made  upon  each  class  of  Vertebrated  animals;  and 
they  have  since  been  repeated,  with  corresponding  effects,  by  Bouillaud 
and'  Hertwig.     The  latter  agrees  with  Flourens,  also,  in  stating  that  the 
removal  of  the  side  of  the  Cerebellum  affects  the  movements  of  the  opposite 
•ide  of  the  body;  and  he  further  mentions  that,  if  the  mutilation  of  the 
Gerebellam  have  been  partial  only,  its  function  is  in  great  degree  restored. 
t69.  All  these  results  are  objected   to  by  those  who  assert  that  the 
Ccfebellom  is  the  seat  of  the  sexual  instinct,  on  the  ground  that  the  ob- 
25 
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served  aberrations  of  the  motor  functions  are  sufficiently  accounted  for,  by 
the  general  disturbance  which  an  operation  so  severe  must  necessarily 
induce.  The  fallacy  of  Uiis  objection,  however,  is  shown  by  the  fact,  that 
the  much  more  severe  operation  of  removing  the  Hemispheres  does  not 
occasion  such  an  aberration;  the  power  of  performing  the  associated  move- 
ments, and  of  maintaining  the  equilibrium,  being  remarkably  preserved 
after  the  loss  of  them. 

270.  Upon  comparing  these  results  with  the  preceding  table,  a  remark- 
able correspondence  will  be  observed  between  them.  The  classes  which 
have  the  greatest  variety  of  movements,  and  which  require  for  them  the 
most  perfect  combination  of  a  large  number  of  separate  muscular  actions, 
have,  taken  collectively,  the  largest  Cerebellum.  Of  all  classes  of  Verte- 
brata.  Reptiles  are  the  most  inert;  and  their  motions  require  the  least  co- 
ordination. The  active  predacious  Fishes  far  surpass  them  in  this  respect; 
and  may  be  compared  with  Birds  in  tlie  energy  of  their  passage  through 
the  water,  and  in  their  facility  of  changing  their  direction  during  the  most 
rapid  progression.  The  Cerebellum,  accordingly,  bears  to  the  spinal  cord 
in  them,  very  much  the  same  proportion  as  it  does  in  Birds.  On  the  other 
hand,  the  Flat  Fish,  which  lie  near  the  bottom  of  the  ocean,  and  which 
have  a  much  less  variety  of  movement,  have  a  very  much  smaller  cerebellum: 
and  the  Vermiform  Fishes,  wliich  are  almost  or  completely  destitute  of  fins, 
and  whose  progression  is  accomplished  by  flexion  of  the  body,  have  a 
Cerebellum  so  small  as  to  be  scarcely  discoverable;  their  motion  being,  like 
that  of  the  Articulata,  almost  entirely  of  a  reflex  character,  each  segment 
being  influenced  by  its  own  ganglionic  centre,  and  the  Spinal  Cord  consti- 
tuting by  far  the  largest  proportion  of  the  nervous  centres.  On  looking  at 
the  class  of  Birds,  we  observe  that  the  active  predaceous  Falcons,  and  the 
swift- winged  Swallow  (the  perfect  control  possessed  by  which  over  their 
complicated  movements  every  one  must  have  observed),  have  a  cerebellum 
much  larger  in  proportion,  than  that  of  the  Gallinaceous  birds,  whose  powers 
of  flight  are  small,  or  than  that  of  the  Struthious  tribe,  in  which  they  are 
altogether  absent.  Lastly,  on  comparing  its  proportional  size,  in  the  dif- 
ferent orders  of  Mammalia,  with  the  number  and  variety  of  muscular  actions 
requiring  combined  movements,  of  which  they  are  respectively  capable,  we 
observe  an  even  more  remarkable  correspondence.  In  the  hoofed  Quad- 
rupeds, in  which  the  muscular  apparatus  of  the  extremities  is  reduced  to  its 
greatest  simplicity,  and  in  which  the  movements  of  progression  are  simple^ 
the  Cerebellum  is  relatively  smaller  than  it  is  found  to  be  in  some  Birds; 
but  in  proportion  as  the  extremities  acquire  the  power  of  prehension,  and 
together  with  this  a  power  of  application  to  a  great  variety  of  purposes,— 
still  more,  in  proportion  as  the  animal  becomes  capable  of  maintaining  the 
erect  posture,  in  which  a  constant  muscular  exertion,  consisting  of  a  nnmber 
of  most  elaborately-combined  parts,  is  required,— do  we  And  the  size  of 
the  Cerebellum,  and  the  complexity  of  its  structure,  undergoing  a  rapid 
increase.  Thus,  even  between  the  Dog  and  the  Bear  there  is  a  marked 
difference,  the  latter  being  capable  of  remaining  for  some  time  in  the  erect 
posture,  and  often  spontaneously  assuming  it,  whilst  to  the  former  it  is 
anything  but  natural.  In  the  semi-erect  Apes,  again,  there  is  a  very  great 
advance  in  the  proportional  sixe  of  the  Cerebellum;  and  those  which  most 
approach  Man  in  the  tendency  to  preserve  habitually  the  erect  posture,  also 
come  nearest  to  him  in  the  dimensions  of  tliis  organ.  Now  it  is  evident 
that  Man,  although  far  inferior  to  many  of  the  lower  animals  in  the  power 
of  performing  various  particular  kinds  of  movement,  far  surpasses  them  all 
in  the  number  and  variety  of  the  combinations  which  he  is  capable  of  exe« 
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cuting,  and  in  the  complexity  of  the  combinations  themselves.  Thus,  if  we 
attentively  consider  the  act  of  walking  in  man,  we  shall  find  that  there  is 
scarcely  a  muscle  of  the  trunk  or  extremities  which  is  not  actually  con- 
cerned in  it;  some  being  engaged  in  performing  the  necessary  movements, 
and  others  in  maintaining  the  equilibrium  of  the  body,  which  is  disturbed 
by  them.  On  the  other  hand,  in  the  Horse  or  Camel,  the  muscular  move- 
ments are  individually  numerous,  but  they  do  not  require  nearly  the  same 
perfect  co-ordination.  And  in  the  Bird,  the  number  of  muscles  employed 
in  the  movements  of  flight,  and  in  directing  the  course  of  these,  is  really 
comparatively  small;  as  may  at  once  be  perceived  by  comparing  the  rigidity 
of  the  skeleton  of  the  trunk  of  the  Bird  with  that  of  Man,  and  by  remem- 
bering the  complete  inactivity  of  the  lower  extremities  during  the  active 
eondition  of  the  upper.  In  fact,  the  motions  of  the  wings  are  so  simple  and 
regular,  as  to  suggest  the  idea  that,  as  in  Insects,  their  character  is  more 
reflex  than  directly  voluntary; — an  idea  which  is  supported  by  the  length 
of  time  during  which  they  can  be  kept  up  without  apparent  fatigue,  and 
also  by  the  important  fact  already  mentioned,  which  experimental  research 
has  disclosed  ($  264).  It  is  seen,  then,  that  Comparative  Anatomy  fully 
confirms  the  idea  which  Experimental  Physiology  suggests,  respecting  the 
chief  functions  of  the  Cerebellum. 

271.  Some  of  Magendie's  experiments  indicate  a  further  connection  of 
this  organ  with  the  motor  function,  the  nature  of  which  is  still  obscure. 
This  physiologist  asserts  that,  if  a  wound  be  inflicted  on  the  Cerebellum, 
the  animal  seems  compelled  by  an  inward  force  to  retrograde  movement, 
although  making  an  effort  to  advance;  and  that,  if  the  Crus  Cerebelli  on 
one  side  be  injured,  the  animal  is  caused  to  roll  over  towards  the  same  side. 
Sometimes  (if  Magendie's  statements  can  be  relied  on),  the  animals  made 
sixty  revolutions  in  a  minute,  and  continued  this  movement  for  a  week 
without  cessation.  Division  of  the  second  Crus  Cerebelli  restores  the 
equilibrium.  Hertwig  observed  the  same  phenomenon,  when  the  Pons 
Varolii  (which  is  nothing  more  than  the  commissure  of  the  Cerebellum, 
forrounding  the  Crura  Cerebri)  was  injured  on  one  side;  and  he  has  also 
remarked  that  the  movements  of  the  eyes  were  no  longer  consensual. 

272.  On  turning  to  Pathology  for  evidence  of  the  functions  of  the  Cere- 
bellura,  we  meet  with  much  that  seems  contradictory.  It  must  be  remem- 
bered that  a  sudden  effusion  of  blood,  even  to  a  small  extent,  in  any  part  of 
Ae  Encephalon,  is  liable  to  produce  the  phenomena  of  apoplexy  or  paraly- 
ib;  and  inferences  founded  upon  the  phenomena  exhibited  after  sudden 
lesions  of  this  description  are,  therefore,  much  less  valid  than  those  based  on 
the  results  of  more  chronic  affections.  In  regard  to  these  last,  however,  it 
is  to  be  observed,  that  we  are  not  yet  in  a  condition  to  be  able  to  state  with 
precision,  what  amount  of  morbid  alteration  in  any  part  of  the  nervous  cen- 
tna  is  compatible  with  but  slightly  disturbed  performance  of  its  function; 
nd  that  cases  are  every  now  and  then  occurring,  which  would  upset  all  our 
previous  notions,  if  we  were  not  aware,  that  the  same  difHculty  presents 
Itself  even  in  regard  to  the  best  established  results  in  Neurology.  It  is  also 
to  be  remembered,  that  the  results  of  disease,  occasioning  pressure,  will  be 
peculiarly  liable  to  affect  the  Medulla  oblongata  as  well  as  the  Cerebellum; 
and  will  thus  occasion  a  greater  loss  of  motor  power,  than  would  be  occa- 
lioned  by  the  mere  suspension  of  the  function  of  the  latter. 

273.  Pathological  phenomena,  when  examined  with  these  reservations, 
ippear  to  coincide  with  the  results  of  experiment,  in  supporting  the  con- 
clusion* that  the  Cerebellum  is  not  in  any  way  the  instrument  of  psychical 
operations.    Inflammation  of  the  membranes  covering  it,  if  confined  to  that 
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part,  does  not  produce  delirium;  and  its  almost  complete  destruction  by 
gradual  softening  does  not  appear  necessarily  to  involve  loss  of  intellectual 
power.  •'  But,"  remarks  Andral,  "  whilst  the  changes  of  intelligence  were 
variable,  inconstant,  and  of  little  importance,  the  lesions  of  motion,  on  the 
contrary,  were  observed  in  all  the  cases  [of  softening,  which  had  come 
under  his  notice]  except  one;  and  in  this  it  is  not  quite  certain  that  motion 
was  not  interfered  with."  In  general,  apoplexy  of  the  Cerebellum  is 
accompanied  by  paralysis;  but  this  is  by  no  means  usual  in  cases  of  chronic 
disease,  in  which  there  is  rather  an  irregularity  of  movement,  with  a  degree 
of  restlessness,  resembling  that  described  by  Flourens  as  resulting  from 
partial  injury  of  this  organ.  In  a  few  cases  in  which  both  lobes  of  the 
Cerebellum  have  been  seriously  affected,  the  tendency  to  retrograde  move- 
ment has  been  observed;  and  instances  are  also  on  record  of  the  occurrence 
of  rotatory  movement,  which  has  been  found  to  be  connected  with  lesion 
of  the  Crus  Cerebelli  on  the  same  side.  So  far  as  they  can  be  relied  on, 
therefore,  the  results  of  the  three  methods  of  investigation  bear  a  very  close 
correspondence;  and  it  can  scarcely  be  doubted  that  they  afford  us  some 
approximation  to  truth. 

274.  We  have  now  to  examine,  however,  another  doctrine  regarding  the 
functions  of  the  Cerebellum,  which  was  propounded  by  Gall,  and  which 
is  supported  by  the  Phrenological  school  of  physiologists.  This  doctrine-^ 
that  the  Cerebellum  is  the  organ  of  the  sexual  instinct — is  by  no  means  in- 
compatible with  the  other;  and  by  some  it  has  been  held  in  combination 
with  it.  The  greater  number  of  Phrenologists,  however,  regard  this  instinct 
as  the  exclusive  function  of  the  Cerebellum,  and  assert  that  they  can  judge 
of  its  intensity  by  the  degree  of  development  of  the  organ.  We  shall  now 
examine  the  evidence  in  support  of  this  position,  afl^orded  by  the  three 
methods  of  inquiry  which  have  been  already  indicated.  The  results  of  fair 
observation  as  to  the  comparative  size  of  the  Cerebellum  in  different  animals, 
can  scarcely  be  regarded  as  otherwise  than  very  unfavourable  to  the  doctrine 
in  question.  In  the  greatest  number  of  Fishes,  it  is  well  known  that  no 
sexual  congress  takes  place;  the  seminal  fluid  being  merely  effused  like  any 
other  excretion,  into  the  surrounding  water;  and  being  thus  brought  into 
accidental  contact  with  the  ova,  of  which  a  large  proportion  arc  never  fer- 
tilized. On  the  other  hand,  in  many  Reptiles  the  sexual  instinct  appears 
extremely  strong;  and  this  is  especially  the  case  in  the  Frog,  the  whole 
system  of  which  is  endowed,  at  the  season  of  fertility,  with  an  extraordinary 
degree  of  excitability,  analogous  to  a  morbid  condition  that  sometimes  pre- 
sents itself  in  the  Human  being.  It  has  been  remarked  that,  if  the  head  of 
a  male  Frog  be  cut  off,  during  the  congress  (which  lasts  for  some  time), 
his  embrace  will  not  be  relaxed,  and  will  even  continue  until  the  body 
of  the  female  is  becoming  gangrenous  from  the  pressure;  thus  showing 
that  the  action  is  one  of  a  purely  reflex  character.  Now,  on  comparing 
the  size  of  the  Cerebellum  of  the  Frog  with  that  of  the  Cod,  (we  exclude 
the  higher  Cartilaginous  fishes,  in  which  the  reproductive  function  has  a 
more  elevated  type,)  we  find  that  it  is  not  above  one-half  the  proportional 
size.  Moreover,  not  only  is  the  size  much  inferior,  but  the  structure  is 
much  less  complicated,  in  the  former  than  in  the  latter.  Again,  in  com- 
paring  the  Gallinaceous  Birds,  which  are  polygamous,  with  the  Raptorial 
and  Insessorial  tribes,  which  live  in  pairs,  we  find  that  the  former,  instead 
of  having  a  larger  cerebellum,  have  one  of  inferior  size.  Further,  on  look- 
ing at  the  Mammalia,  the  same  disproportion  may  be  noticed.  A  friend 
who  kept  some  kangaroos  in  his  garden,  informed  the  Author  that  they 
were  the  most  salacious  animals  he  ever  saw;  yet  their  cerebellum  is  one 
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of  the  smallest  to  be  found  in  the  class.  Every  one  knows,  again,  the  salacity 
of  Monkeys;  there  are  many  which  are  excited  to  violent  demonstrations  by 
tJie  sight  even  of  a  human  female;  and  there  are  few  which  do  not  practise 
masturbation,  when  kept  in  solitary  confinement;  yet  in  them  the  cerebel- 
lum is  much  smaller  than  in  Man,  in  whom  the  sexual  impulse  is  much  less 
violent.  It  has  been  supposed  that  the  large  size  of  the  organ  in  Man,  is 
connected  with  his  constant  possession  of  the  appetite,  which  is  only  occo' 
iional  in  others;  but  this  does  not  hold  good;  since  among  domestic  animals 
there  are  many  which  are  ready  to  breed  throughout  the  year, — Cats  and 
Rabbits,  for  instance;  and  in  these  we  do  not  find  any  peculiar  difference 
in  the  size  of  the  Cerebellum.  It  is  asserted,  however,  that  the  results  of 
observation  in  Man  lead  to  a  positive  conclusion,  that  the  size  of  the  Cere- 
bellum is  a  measure  of  the  intensity  of  the  sexual  instinct  in  the  individual. 
This  assertion  has  been  met  by  the  counternstatement  of  others,— that  no 
such  relation  exists.  It  is  unfortunate  that  here,  as  in  many  other  instances, 
each  party  has  registered  the  observations  favourable  to  their  own  views, 
rather  than  those  of  an  opposite  character;  so  that,  until  some  additional 
evidence,  of  a  less  partial  nature,  has  been  collected,  we  must  consider  the 
question  as  tubjudice.  The  Author  is  by  no  means  disposed  to  deny  that 
such  a  correspondence  may  exist;  but  on  contrasting  the  degree  of  support 
which  this  part  of  phrenology  really  derives  from  pathological  evidence, 
with  that  which  the  upholders  of  this  view  represent  it  to  receive,  he  cannot 
bot  look  with  much  distrust  at  all  their  observations  on  the  subject. 

275.  It  is  stated  in  Phrenological  works,  as  an  ordinary  result  of  disease 
of  the  Cerebellum,  that  there  is  an  affection  of  the  genital  organs,  manifest- 
ing itself  In  priapism,  turgescence  of  the  testes,  and  sometimes  in  seminal 
emissions.  Now  it  is  quite  true  that,  in  cases  of  apoplexy,  in  which  these 
lymptoms  manifest  themselves,  there  is  very  commonly  found  to  be  effusion 
open  the  Cerebellum  or  in  its  substance;  but  it  is  to  be  remembered,  that  in 
all  such  lesions  the  Medulla  Oblongata  is  involved,  and  these  symptoms, 
eqeally  with  paralysis,  may  be  due  to  affection  of  that  organ.  Farther,  the 
converse  does  not  by  any  means  hold  good;  for  the  proportion  of  cases  of 
disease  of  the  Cerebellum,  in  which  there  is  any  manifest  affection  of  the 
lexual  organs,  is  really  very  small,  bein^,  according  to  the  calculations  of 
Burdach,  not  above  one  in  seventeen.  The  same  physiologist  states  that 
tnch  aflfections  do  present  themselves,  although  very  rarely,  when  the  Cere- 
bmm  is  the  seat  of  the  lesion.  A  large  number  of  facts  adduced  by  Phre- 
nologists in  support  of  their  views — such  as  the  erections  and  emissions 
which  often  take  place  during  hanging — may  be  explained  as  well,  or  even 
better,  on  the  hypothesis  that  the  Ccrebro-spinal  axis  (that  is,  the  Spinal 
cord  with  the  Medulla  Oblongata)  is  the  seat  of  this  instinct.  And  this 
hypothesis  is  much  more  conformable  to  the  results  of  experiment  and  dis- 
eiK,  than  that  which  locates  it  in  the  Cerebellum.  For  it  has  been  found 
that  mechanical  irritation  of  the  Spinal  Cord,  and  disease  in  its  substance, 
nnch  more  frequently  produce  excitement  of  the  genital  organs,  than  do 
lesions  of  the  Cerebellum.  This  view  is  entertained  by  Miiller,  and  by  most 
physiologists  who  have  taken  a  comprehensive  and  unbiassed  survey  of  the 
phenomena  in  question. 

276.  Among  the  arguments  adduced  by  Gall  and  his  followers,  in  proof 
of  the  connection  between  the  Cerebellum  and  the  sexual  instinct,  is  one 
which  would  deserve  great  attention,  if  the  facts  stated  could  be  relied  on. 
It  has  been  asserted,  over  and  over  again,  that  the  Cerebellum,  in  animals 
which  have  been  castrated  when  young,  is  much  smaller  than  in  those 
which  hzre  retained  their  virility, — being,  in  fact,  atrophied  from  want  of 
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power  to  act.  Now  it  is  unfortunate  that  vague  assertion,  founded  on 
estimates  formed  by  the  eye  from  the  cranium  alone,  is  all  on  which  this 
position  rests;  and  it  will  be  presently  shown  how  very  liable  to  error  such 
an  estimate  must  be.  The  following  is  the  result  of  a  series  of  observations 
on  this  subject,  suggested  by  M.  Leuret,*  and  carried  into  effect  by  M. 
Lassaigne: — The  weight  of  the  Cerebellum,  both  absolutely,  and  as  com- 
pared with  that  of  the  Cerebrum,  was  adopted  as  the  standard  of  compari- 
son. This  was  ascertained  in  ten  Stallions,  of  the  ages  of  from  nine  to 
seventeen  years;  in  twelve  Mares,  aged  from  seven  to  sixteen  years;  and 
in  twenty-one  Geldings,  aged  from  seven  to  seventeen  years.  The  average 
weight  of  the  Cerebrum  in  the  Stallions  was  433  grammes;  the  greatest 
being  485  gr.,  and  the  least  (which  was  in  a  horse  of  ten  years  old)  being 
350.  The  average  weight  of  the  Cerebellum  was  61  gr.;  the  greatest  being 
65  gr.,  and  the  least  56  gr.  The  average  proportion  borne  by  the  weight 
of  the  Cerebellum  to  that  of  the  Cerebrum,  was,  therefore,  1  to  7'07;  the 
highest  (resulting  from  a  very  small  Cerebrum)  being  1  to  6*25;  and  the 
lowest  (resulting  from  an  unusually  large  Cerebrum)  being  1  to  7.46. 
Throughout  it  might  be  observed,  that  the  variation  in  the  size  of  the  Cere* 
bellum  was  much  less  than  in  that  of  the  Cerebrum.  In  the  twelve  Mares, 
the  average  weight  of  the  Cerebrum  was  402  gr.;  the  highest  being  432  gr., 
and  the  lowest  336  gr.  That  of  the  Cerebellum  was  61  gr.;  the  highest 
being  66  gr.  (which  was  in  the  individual  with  the  smallest  Cerebrum),  and 
the  lowest  58  gr.  The  average  proportion  of  the  weight  of  the  Cerebellum 
to  that  of  the  Cerebrum  was  1  to  6*59;  the  highest  being  1  to  5*09,  and  the 
lowest  1  to  7.  The  proportion  was,  therefore,  considerably  higher  in  the 
perfect  female  than  in  the  perfect  male.  In  the  twenty-one  Geldings,  the 
average  weight  of  the  Cerebrum  was  419  gr.;  the  highest  being  566  gr., 
and  the  lowest  346  gr.  The  average  of  the  Cerebellum  was  70  gr.;  the 
highest  being  76  gr.,  and  the  lowest  64  gr.  The  average  proportion  was, 
therefore,  1  to  5*97;  the  highest  being  1  to  5*16,  and  the  lowest  1  to  7*44. 
It  is  curious  that  this  last  was  in  the  individual  which  had  the  largest  Cere- 
bellum of  the  whole;  but  the  proportional  weight  of  the  Cerebrum  was  still 
greater. 

277.  Bringing  together  the  results  of  these  observations,  they  are  found 
to  be  quite  opposed  to  the  statement  of  Gall.  The  weight  of  the  Cerebran, 
reckoning  the  Cerebellum  as  1,  is  thus  expressed  in  each  of  the  foregoing 
descriptions  of  animals:— 

Average.    Highest.    Lowest. 
Stallions    .     .     .     7*07        7.46         6-25 
Mares  ....     659         700         509 
Geldings   .     .     .     5*97         7*44         5*16 

The  average  proportional  size  of  the  Cerebellum  in  Geldings,  therefore,  is 
so  far  from  being  less  than  that  which  it  bears  in  entire  Horses  and  Mares, 
that  it  is  positively  greater;  and  this  depends  not  only  on  diminution  in  the 
relative  size  of  the  Cerebrum,  but  on  its  own  larger  dimensions,  as  the  fd-    | 
lowing  comparison  of  absolute  weights  will  show: —  f 

Average.  Highest.  Lowest.  i 

Stallions    ...     61  65           56  "" 

Mares   ....     61  66          58  < 

Geldings    ...     70  76          64  ]- 

The  difference  is  so  remarkable,  and  appears,  from  examination  of  the  indi- 
vidual results,  to  be  so  constant,  that  it  cannot  be  attributed  to  any  accidental 
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eircniDBtanee,  arising  out  of  the  small  number  of  animals  experimented  on. 
The  average  weight  of  the  Cerebellum  in  the  ten  Stallions  and  twelve  Mares 
is  seen  to  be  the  same;  and  the  extremes  differ  but  little  in  the  two;  whilst 
the  average  in  the  Gelding  is  more  than  one-seventh  higher,  and  the  lowest 
is  considerably  above  the  average  of  the  preceding,  while  the  highest  far 
exceeds  the  highest  among  the  entire  Horses.  It  is  curious  that  Gall  would 
have  been  much  nearer  the  truth,  if  he  had  said  that  the  dimensions  of  the 
cerebrum  are  usually  reduced  by  castration;  for  it  appears  from  the  follow- 
ing table*  that  this  is  really  the  case: — 

Average.    Greatest.    Least. 
Stallions     ...     433  485  350 

Mares    ....     402  432  336 

Geldings    ...     419  566  346 

The  weight  of  the  largest  Cerebrum  of  the  Gelding  is  far  above  the  highest 
of  the  Stallions;  but  it  seems  to  be  an  extraordinary  case,  as  in  no  other 
was  the  weicht  above  490  gr.  If  this  one  be  excluded,  the  average  will  be 
reduced  atiu  further,  being  then  about  412;  this  may  be  seen  by  looking 
over  the  whole  table,  to  give  a  very  fair  idea  of  the  usual  weight  in  these 
anifflalsy  which  is  therefore  less,  by  about  one-twentieth,  than  the  average 
of  the  Stallions.  The  increased  size  of  the  Cerebellum  in  Geldings  may 
perhaps  be  accounted  for,  by  remembering  that  this  class  of  horses  is  solely 
employed  for  its  muscular  power,  and  that  the  constant  exercise  of  the 
organ  is  not  unlikely  to  develope  its  size;  whilst  Stallions,  being  kept  espe- 
cially for  the  purpose  of  propagation,  are  much  less  applied  to  occupations 
which  call  forth  their  motor  faculties. 

278.  The  Author  is  far  from  denying  in  toto  that  any  peculiar  connection 
exists  between  the  Cerebellum  and  the  Genital  system;  but  if  the  evidence 
It  present  adduced  in  support  of  the  Phrenological  position  be  held  sufficient 
to  establish  it»  in  defiance  of  so  many  opposing  considerations,  we  must  bid 
adieu  to  all  safe  reasoning  in  Physiology.  The  weight  of  testimony  ap- 
pears to  him  to  be  quite  decided,  in  regard  to  the  connection  of  the  Cere- 
bellum with  the  regulation  of  the  motor  function.  How  far  this  invalidates 
^%  moderate  phrenological  view,  which  does  not  regard  the  function  of  the 
Cerebellum  as  exclusively  devoted  to  the  sexual  instinct,  is  a  question  well 
deserving  of  attention.  There  is  nothing  opposed  to  such  an  idea  in  the 
results  of  the  experiments  already  adverted  to  (§  268);  since  there  is  no  evi- 
dence that  sexual  instinct  remained  after  the  removal  of  the  Cerebellum:  but, 
<m  the  other  hand,  there  is  no  proof  that  it  was  destroyed.  A  circumstance 
vhich  has  been  several  times  mentioned  to  him,  that  great  application  to 
fymnastic  exercises  diminishes  for  a  time  the  sexual  vigour,  and  even 
totally  suspends  desire, — seems  worthy  of  consideration  in  reference  to  such 
anew.  If  the  Cerebellum  be  really  connected  with  both  kinds  of  func- 
tioiis,  it  does  not  seem  unreasonable,  that  the  excessive  employment  of  it 
upon  one  should  diminish  its  energy  in  regard  to  the  other.  Further,  it 
would  seem  by  no  means  improbable,  that  the  Lobes  are  specially  connected 
vith  the  regulation  and  co-ordination  of  movements;  whilst  the  Vermiform 
processes,  which  are  very  large  in  many  animals  in  which  the  former 
icarcely  present  themselves,  are  the  parts  connected  with  the  sexual  func- 
tion. As  an  additional  argument  in  favour  of  the  former  part  of  this  view, 
it  may  be  stated,  that  in  Man  the  lobes  bear  a  larger  proportion  to  the  Ver- 
niform  processes  than  in  any  other  animal;  and  that  they  undergo  their 
aost  rapid  development  during  the  first  few  years  of  life,  when  a  large  num- 
ber of  complex  voluntary  movements  are  being  learned  by  experience;  and 
usociated  by  means  of  the  muscular  sensations  accompanying  them:  whilst 
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in  those  animals  which  have,  immediately  after  birth,  the  power  of  regulating 
their  voluntary  movements  for  definite  objects,  with  the  greatest  precision, 
the  Cerebellum  is  more  fully  developed  at  the  time  of  birth.  In  both  in- 
stances it  is  well  formed  and  in  active  operation  (so  far  as  can  be  judged  by 
the  amount  of  circulation  through  it],  long  before  the  sexual  instinct  mani- 
fests itself  in  any  perceptible  degree. 
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279.  In  regard  to  certain  general  positions,  there  is  little  difference  of 
opinion  amongst  Physiologists  in  reference  to  this  much-controverted  sub- 
ject; and  it  will  be  desirable  to  inquire  what  may  be  considered  as  firmly 
established,  before  we  proceed  with  details  of  a  more  questionable  nature. 
We  shall,  as  before,  apply  to  Comparative  Anatomy,  to  Experiment,  and  to 
Pathology,  for  our  chief  data.  Any  general  inferences,  founded  only 
upon  observation  of  the  phenomena  presented  by  Man,  must  be  looked  upon 
with  suspicion;  since  every  advance  in  Comparative  Physiology  leads  us  to 
perceive,  how  close  is  the  functional  relation  between  organs  that  are  really 
of  analogous  nature  in  different  classes  of  animals.  Our  first  general  pro- 
position is,  that  the  Cerebrum  is  the  sole  instrument  of  Jntelligence^'^Y 
which  term  is  implied,  the  voluntary  adaptation  of  means  to  ends,  in  a 
manner  implying  a  perception  of  the  nature  of  both.  As  already  pointed 
out,  the  actions  performed  by  the  lower  animals  are  often  such  as  to  leave 
us  in  doubt,  whether  they  are  the  result  of  a  mere  instinctive  impulse,  or 
of  an  intelligent  adaptation  of  means  to  ends;  and  we  are  guided  in  our 
determination,  chiefly  by  the  uniformity  of  these  actions  in  the  several  indi- 
viduals of  the  same  species.  If  we  analyze  any  of  our  own  instinctive 
actions,  we  shall  perceive  the  same  absence  of  design  on  our  own  parts,  as 
that  which  we  attribute  to  the  lower  animals.  No  one  would  assert  that 
the  tendency  to  sexual  intercourse  is  the  result  of  a  knowledge  of  its  conse- 
quences, and  of  a  voluntary  adaptation  of  means  to  ends;  or  that,  if  we  can 
imagine  a  man  newly  coming  into  the  world  in  the  full  possession  of  all  his 
powers,  he  would  wait  to  eat  when  hungry;  until  experience  had  taught  him 
that  the  swallowing  of  food  would  relieve  the  uneasy  feeling.  It  has  been 
already  shown  that,  in  the  infant,  the  act  of  sucking  may  be  performed 
even  without  a  Cerebrum;  and  for  this  and  other  similar  actions,  therefore, 
it  is  doubtful  whether  consciousness  is  a  requisite  condition.  Adult  ani- 
mals, whose  Cerebral  hemispheres  have  been  removed,  will  eat  food  that  is 
put  into  their  mouths,  although  they  will  not  go  to  seek  it;  and  this  is  the 
case  with  many  Human  idiots.  When  the  functions  of  the  Brain  are  dis- 
turbed, or  in  partial  abeyance,  as  in  fever,  we  often  see  a  remarkable  return 
to  the  instinctive  propensities  in  regard  to  food;  and  the  Physician  fre- 
quently derives  important  guidance  as  to  the  patient's  diet  and  regimen 
(particularly  as  to  the  administration  of  wine),  from  the  inclination  or  disin- 
clination which  he  manifests.  The  Intelligence  of  an  animal  may  be  further 
estimated  by  its  degree  of  educability, — that  is,  the  facility  with  which  its 
natural  habits  may  be  changed  by  the  influence  of  Man,  and  the  complica- 
tion of  the  mental  processes  which  it  appears  to  perform  under  its  new  cir- 
cumstances. We  all  know  that  Insects, — the  most  active  of  all  Invertebrate 
animals,  are  but  little  susceptible  of  such  influence.  It  may  be  doubted 
whether  there  ever  was  a  case  in  which  an  Insect  of  any  kind  could  be 
taught  to  recognise  any  one  who  had  been  in  the  habit  of  feeding  it,  or  to 
show  any  other  unequivocal  mark  of  intelligence.  Bees  and  other  Insects* 
which  display  much  art  in  the  construction  of  their  habitations,  and  which 
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execute  a  variety  of  most  curious  contrivances  beautifully  adapted  to  varia- 
tions in  their  circumstances,  appear  to  be  entirely  guided  in  their  operations 
by  instinct;  since  all  Bees  act  alike  under  the  same  circumstances.  We  do 
not  find  one  community  clever,  and  another  stupid:  and  for  a  Bee  to  be 
destitute  of  its  peculiar  tendency  to  build  at  certain  angles,  would  be  as 
remarkable  as  a  Human  being  without  a  tendency  to  eat.*  In  Insects,  as 
already  stated,  we  can  discover  little  or  nothing  that  is  analogous  to  the 
Cerebrum  of  Vertebrata;  it  is  manifest  that  the  cephalic  ganglia  correspond 
chiefly  with  the  ganglionic  enlargements  at  the  upper  end  of  the  Medulla 
Oblongata,  which  are  connected  with  the  organs  of  special  sensation. 

280.  On  comparing  Birds  with  Insects,  we  at  once  see  a  very  remark- 
able difierence  in  the  character  of  their  actions.    Their  instinctive  tendencies 
are  of  nearly  the  same  kind;  and  the  usual  arts  which  they  exhibit  in  the 
construction  of  their  habitations,  in  procuring  their  food,  and  in  escaping 
from  danger,  must  be  regarded  as  instinctive,  on  account  of  the  uniformity 
with  which  they  are  practised  by  different  individuals  of  the  same  species, 
and  the  perfection  with  which  they  are  exercised  on  the  very  first  occasion. 
But  in  the  adaption  of  their  operations  to  peculiar  circumstances.  Birds 
display  a  variety  and  fertility  of  resource  far  surpassing  that  which  is  mani- 
fested by  Insects;  and  it  is  not  doubted,  by  those  who  have  attentively 
observed  their  habits,  that  in  such  adaptations  they  are  often  guided  by  real 
intelligence.     This  must  be  the  case,  for  example,  when  they  make  trial 
of  several  means,  and  select  that  one  which  best  answers  the  purpose;  or 
when  they  make  an  obvious  improvement  from  year  to  year  in  the  comforts 
of  their  dwelling;  or  when  they  are  infiuenced  in  the  choice  of  a  situation, 
by  peculiar  circumstances,  which,  in  a  state  of  nature,  can  scarcely  be  sup- 
poMd  to  affect  them.     The  complete  domesticability  of  many  Birds  is  in 
itself  a  proof  of  their  possessing  a  certain  degree  of  intelligence;  but  this 
alone  does  not  indicate  the  possession  of  more  than  a  very  low  amount  of 
it;  since  many  of  the  most  domesticable  animals  are  of  the  humblest  intel- 
lectual capacity,  and  seem  to  become  attached  to  Man,  principally  as  the 
source  on  which  they  depend  for  the  supply  of  their  animal  wants.     This 
is  the  case  with  most  Herbivorous  quadrupeds,  and  with  Rabbits,  Guinea- 
pigs,  ^c;  as  well  as  with  the  Gallinaceous  Birds.     The  attachment  of  the 
Dog  or  the  Elephant  is  evidently  of  a  much  higher  kind,  and  involves  a 
much  larger  number  of  considerations;  and  their  actions  are  evidently  the 
lesult,  in  many  instances,  of  a  complex  train  of  reasoning,  differing  in  no 
essential  respect  from  that  which  Man  would  perform  in  similar  circum- 
stances.   The  epithet,  **  half-reasoning,'*  commonly  applied  to  these  animals, 

♦  The  only  manifestation  of  educabilily  which  the  Author  his  ever  noticed,  dur- 
iog  a  preily  long  familiarity  with  the  habits  of  Bees,  is  the  acquirement  of  a  power 
of  distinguising  the  entrance  of  their  hive  from  that  of  others  around.  When  a 
nraim  i»  tirst  placed  in  a  new  box,  and  the  Bees  have  gone  forth  in  search  of  food, 
tiey  often  seem  puzzled  on  their  return,  as  to  which  is  their  own  habitation;  more 
specially  if  there  be  several  hive*^,  with  similar  entrances,  in  one  bee-house;  and  it 
ias  been  proposed  to  paint  these  entrances  of  ditferent  colours,  in  order  to  enable 
the  Bee  lo  distinguish  them  more  readily.  In  a  short  lime,  however,  even  without 
fQch  aid,  the  Bees  are  seen  to  dart  from  a  considerable  height  in  the  air  directly 
dowb  lo  cheir  proper  entrances;  showing  that  they  have  learned  to  distinguish  these 
b]ra  Toemorial  power.  This  the  Author  has  observed  most  remarkably,  in  a  case 
ID  which  a  hive  is  placed  in  the  drawinj(-room  of  a  house,  the  entrance  to  it  being 
beneath  one  of  the  windows;  the  adjoining  houses  have  windows  precisely  similar, 
except  in  the  absence  of  this  small  passage;  and  he  has  often  noticed  that,  when  a 
Dew  Mock  has  been  placed  in  this  hive,  the  Bees  are  some  days  in  learning  the 
exact  posiiioD  of  their  house,  considerably  annoying  the  neighbours  by  flying  in  at 
their  windows. 
26 
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does  not  express  the  whole  truth;  for  their  mental  processes  are  of  the  same 
kind  with  those  of  Man,  and  differ  more  in  the  degree  of  control  which  the 
animal  possesses  over  them,  than  they  do  in  their  own  character.  We 
have  no  evidence  that  any  of  the  lower  animals  have  a  voluntary  power  of 
guidmg,  restraining,  or  accelerating  their  mental  operations,  at  all  similar 
to  that  which  Man  possesses;  these  seem  to  be  of  very  much  the  same  cha- 
racter as  those  which  we  perform  in  our  dreams,  different  trains  of  thought 
commencing  as  they  are  suggested,  and  proceeding  according  to  the  usual 
laws,  until  some  other  disturb  them.  Although  it  is  customary  to  regard 
the  Dog  and  the  Elephant  as  the  most  inteUigent  among  the  lower  animals, 
it  is  not  certain  that  we  do  so  with  justice;  for  it  is  very  possible  that  we 
are  misled  by  that  peculiar  attachment  to  Man,  which  in  them  must  be 
termed  an  instinct,  and  which  enters  as  a  motive  into  a  large  proportion  of 
their  actions;  and  that,  if  we  were  more  acquainted  with  the  psychical  cha- 
racters of  the  higher  Quadrumana,  we  should  Bnd  in  them  a  greater  degree 
of  mental  capability  than  we  now  attribute  to  them.  One  thing  is  certain, — 
that,  the  higher  the  degree  of  intelligence  which  we  find  characteristic  of  a 
particular  race,  the  greater  is  the  degree  of  variation  which  we  meet  with  in 
the  characters  of  individuals;  thus  every  one  knows  that  there  are  stupid 
Dogs  and  clever  Dogs,  ill-tempered  Dogs  and  good-tempered  Dogs,  as  there 
are  stupid  Men  and  clever  Men,  ill-tempered  Men  or  good-tempered  Men. 
But  no  one  could  distinguish  between  a  stupid  Bee  and  a  clever  Bee,  or  be- 
tween a  good-tempered  Wasp  and  an  ill-tempered  Wasp;  simply  because 
all  their  actions  are  prompted  by  an  unvarying  instinct. 

281.  Before  inquiring  into  the  comparative  size  of  the  Cerebrum,  in 
different  animals,  it  is  desirable  to  obtain  a  general  notion  of  its  structure. 
Three  principal  sets  of  fibres  may  be  distinguished  in  the  white  or  medul- 
lary substance,  of  which  the  great  mass  of  it  is  composed.  These  are  the 
Ascending  fibres,  which  proceed  from  the  sensory  tract,  and  diverge  from 
the  thalami  optici  to  the  periphery;  the  Descending  fibres,  which  converge 
from  the  periphery  towards  the  corpora  striata,  and  then  pass  downwards 
into  the  motor  tract;  and  the  Commissural  fibres,  which  establish  the  con- 
nection between  the  various  parts  of  the  periphery  and  of  the  substance  of 
the  brain.  It  is  on  the  very  large  proportion  which  the  commissural  fibres 
bear  to  the  rest,  that  the  bulk  of  the  brain  of  Man  and  of  the  higher  animals 
chiefly  depends;  and  it  is  easy  to  conceive,  that  this  condition  has  an  im- 
portant relation  with  mental  operations,  whatever  be  our  view  of  the  func- 
tions of  different  parts  of  the  Brain.  The  different  relative  distribution  of 
the  gray  and  white  matter  in  the  Cerebrum,  from  that  which  is  elsewhere 
presented  to  us  in  ganglionic  masses,  naturally  suggests  the  inquiry,  how 
far  this  corresponds  with  what  has  been  stated  of  their  probable  functions. 
It  may  be  remarked,  in  the  first  place,  that  we  have  no  evidence  whatever, 
that  the  endowments  of  the  fibres  are  in  any  degree  changed,  by  passing 
from  the  nervous  trunks  into  the  Brain;  and  that  it  is  only  where  they 
terminate  in  the  gray  substance,  that  such  an  alteration  takes  place  in  their 
structure,  as  to  warrant  an  assumption,  in  the  absence  of  other  evidence,  that 
their  function  also  is  altered.  The  amount  of  ordinary  vascular  action  in 
gray  substance,  as  compared  with  that  which  takes  place  in  the  white,  is  an 
important  circumstance  in  favour  of  the  view,  that  it  is  the  part  in  which 
all  changes  originate,  and  that  the  fibrous  portion,  like  the  trunk  of  the 
nerve,  serves  only  to  conduct  or  transmit  the  influence  of  those  changes. 
This  position  derives  additional  support  from  the  effects  of  disease.  It  has 
been  frequently  remarked  that,  if  we  compare  those  cases  of  cerebral  dis- 
ease in  which  there  is  delirium,  with  those  in  which  it  does  not  occar,  we? 
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shall  And  that  it  is  most  cominon  in  cases  in  which  there  is  an  inflammatory 
affection  of  the  surface,  or  of  the  membranes, — extending  from  them  into  it; 
whilst,  in  deep-seated  inflammation,  the  most  important  symptoms  are  those 
which  result  from  sympathetic  affections  of  the  muscular  system.  It  has 
been  even  proposed  to  establish  a  diagnosis  between  inflammation  of  the 
membranes  (especially  of  the  arachnoid)  and  inflammation  of  the  substance 
of  the  brain,  upon  this  general  fact;  but  it  is  to  be  remembered  that  (to  use 
the  words  of  Lallemand)  *'  it  is  impossible  that  the  arachnoid  should  be  in- 
flamed, without  the  surface  of  the  brain  in  contact  with  it  being  also  affected; 
but  its  tissue  not  being  altered,  there  merely  results  from  this  vicinity  exal- 
tation in  its  functions."  All  the  cases,  therefore,  which  have  been  referred 
to  in  support  of  this  diagnosis,  really  tend  to  establish  the  proposition,  that 
the  superficial  portion  of  the  Cerebrum  is  the  part  really  affected.  It  is 
absurd  to  suppose  that  inflammation  of  the  membranes,  without  any  abnor- 
mal condition  of  the  Brain  itself,  can  seriously  affect  the  mental  operations. 
It  has  been  further  remarked  that  arachnitis  of  the  convexity  of  the  Brain 
is  more  frequently  attended  with  delirium  and  other  symptoms  of  excite- 
ment,  than  similar  inflammation  affecting  the  base,  in  which  coma  supervenes 
earlier,  with  little  or  no  previous  disturbance  of  the  intellect:  this,  too,  cor- 
responds with  the  doctrine  just  referred  to;  since  the  influence  of  any 
effusion  about  the  origins  of  the  nerves  and  the  Medulla  Oblongata  is  well 
known  to  be  prejudicial  to  their  functions  as  conductors,  even  entirely  sus- 
pending them,  whilst,  from  the  inferior  vascularity  of  these  parts,  they  are 
not  so  liable  to  manifest  symptoms  of  excitement,  from  the  contiguity  of  an 
inflamed  membrane.  In  fact,  inflammation  of  the  white  substance  of  the 
Brain  is  itself  attended  rather  with  a  state  of  torpor,  or  of  partial  suspension 
of  its  usual  operations,  than  with  excitement;  irregular  convulsive  actions 
are  not  unfrequently  seen,  as  a  result  of  it;  but  these  are  often  manifested, 
when  the  power  of  the  will  over  the  muscles  is  destroyed.  It  may  not  be 
difficult  to  account  for  this  difference  of  symptoms,  by  reflecting,  that  a  large 
proportion  of  the  medullary  substance  of  the  Brain  consists  of  a  sort  of  ex- 
tremely delicate  cellular  tissue,  by  which  the  flbres  are  connected  together, 
and  through  which  the  blood-vessels  are  distributed;  and  that  it  is  probably 
itt  this  that  the  principal  changes  take  place,  of  which  the  early  stages  of 
the  inflammatory  process  consist.  These  changes,  being  accompanied  by 
torgescence  of  the  vessels,  and  by  effusion  into  the  tissue  surrounding  them, 
must  occasion  a  degree  of  pressure  on  the  enclosed  fibres,  which  shall  de- 
stroy their  conducting  power,  and  shall  thus  cut  off  the  body  from  connection 
with  the  centre  of  the  intellectual  operations;  whilst  they  may  at  the  same 
time  give  rise  to  many  irregular  and  involuntary  movements  of  the  muscles, 
to  which  the  fibres  thus  affected  are  distributed. 

282.  This  view  is  further  supported  by  the  researches  of  Foville  on  the 
alterations  of  the  Brain  which  are  connected  with  insanity.     His  observa- 
tions are  deserving  of  great  confidence,  both  for  the  sake  of  his  own  high 
character  and  attainments,  and  on  account  of  the  careful  manner  in  which 
they  were  made.     To  avoid  trusting  to  his  memory  for  comparison,  Foville 
^a»  been  in  the  habit  of  examining  the  brain  of  a  person  who  died  without 
*ny  disease  in  this  organ,  at  the  same  time  with  that  of  one  who  died  insane. 
In  acute  cases  of  Insanity,  he  frequently  found  the  cineritious  portion  in- 
^nselyred,  biU  without  adhesion  to  the  membranes;  whilst  in  chronic  cases, 
^  found  the' cortical  substance  indurated  and  adherent  to  the  membranes, 
h  nearly  all  cases  of  Insanity  accompanied  with  general  Paralysis,  he  has 
^nd  the  white  portion  of  the  brain  injected  and  indurated;  and  he  con- 
^ves  that  the  flbres  had  become  adherent  to  each  other.     It  has  been  sup- 
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posed  by  Calmeil  that  the  paralysis  of  the  insane  is  connected  with  disease 
of  the  cineritious  substance;  but  Foville  states  that  he  and  his  colleagues 
have  made  many  hundreds  of  observations  on  cases,  in  which  there  were 
well-marked  alterations  of  the  cortical  substance  of  the  brain,  without  any 
other  manifestations  during,  life  than  disorder  of  the  intellect.  This  view  is 
supported  by  Bouillaud,  and  by  several  other  eminent  pathologists;  as  is 
'also  the  other  part  of  the  proposition, — that  morbid  alterations  in  the  medul- 
lary portion  are  connected  with  disorder  in  the  transmission  of  motor  im- 
pulses to  the  muscles. 

283.  It  is  important  to  bear  in  mind  this  induction, — for  such  we  may 
regard  it,— when  forming  our  opinions  upon  the  functions  of  the  Cerebrum 
in  general,  or  of  its  several  parts,  from  the  various  data  supplied  to  us  by 
Comparative  Anatomy,  and  by  experimental  and  pathological  inquiry.  For 
in  regard  to  the  first  of  these  sources  it  is  to  be  remarked,  that  the  size  of 
the  brain  does  not,  considered  alone,  afford  a  means  of  judgment  as  to  its 
power.  The  quantity  of  gray  matter  on  its  surface  should  rather  be  our 
guide;  and  this  we  may  judge  of,  not  only  by  the  depth  of  the  layer,  but 
by  the  complexity  of  the  convolutions  by  which  the  surface  is  extended. 
In  no  class,  save  in  Mammalia,  do  we  find  the  surface  marked  with  convo- 
lutions; and  in  general  we  do  not  meet  with  that  fissure  between  the  hemi- 
spheres, which  greatly  increases  the  extent  of  surface.  In  forming  compari- 
sons as  to  the  connection  between  the  size  of  the  Brain,  and  the  intelligence, 
in  different  animals,  we  must  not  be  at  all  guided  by  its  simple  proportional 
dimensions;  since  it  is  very  evident  that  it  is  rather  the  proportion  of  the 
bulk  of  the  brain  to  that  of  the  whole  body,  upon  which  we  should  found 
our  comparison.  But  even  this  is  not  altogether  a  safe  guide;  and  many 
Physiologists  have  endeavoured  to  compare  the  size  of  the  brain  with  the 
aggregate  bulk  of  the  nerves  proceeding  from  it.  This  is  a  much  fairer 
measure;  but  it  cannot  be  taken  without  great  difHculty.  For  all  practical 
purposes,  the  comparison  of  the  bulk  of  the  Brain  with  that  of  the  Spinal 
Cord  will  probably  answer  very  well.  The  following  table,  the  mate- 
rials of  which  are  drawn  from  Serres'  Comparative  Anatomy  of  the 
Brain,  exhibits  the  three  diameters  of  the  Brain  of  a  number  of  different 
animals,  and  the  diameter  of  the  Spinal  Cord  at  the  second  cervical  ver- 
tebra. The  last  three  columns  present,  in  round  numbers,  the  three  diame* 
ters  of  the  Brain,  reckoning  that  of  the  Spinal  Cord  as  1,  for  the  sake  of 
easy  comparison. 
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Diameter 

DIMENSIONS  OF  CE 

REBRUM 

Proportional  dimeneione. 

Man 

of  Spinal 
Cord. 

Anti-poet. 

Tranev. 

Above 
downw. 

1100 

17000 

7500 

9000 

1—161 

1-61 

1— 8i 

Dolphin 

1000 

9500 

5850 

8200 

1— 9.i 

1-5* 

1-81 

Mandril 

950 

8100 

3200 

4900 

1— 8d 

1— 3i 

1—5 

Tiger 

1600 

9400 

4250 

6400 

1—51 

1-2* 

1—4 

Dromedary 

1900 

10500 

5050 

5800 

l-5i 

1— 2i 

1—3 

Kangaroo 

1200 

5300 

2350 

3800 

1— 4J 

1—2 

1— 3i 

Vulture 

800 

3200 

2200 

1550 

1—4 

1—21 

1—2 

Falcon 

500 

1900 

1450 

1200 

1-31 

1—3 

1— 2| 

Swallow 

175 

1000 

600 

550 

1— 5f 

1— 3i 

1—3+ 

Pie 

450 

2000 

1400 

1200 

1— 4f 

1—3 

1—21 

Turkey 

500 

1750 

1250 

1200 

1— 3s 

1— 2J 

1— 2f 

Parroquet 

400 

2900 

1400 

1700 

i-n 

1—31 

1— 4i 

Tortoise 

300 

1600 

500 

1—51 

1— H 

Crocodile 

300 

800 

500 

1— 2i 

1— li 

Viper 

200 

600 

300 

1—3 

1— U 

Frog 

300 

500 

400 

1-lf 

1-U 

Shark 

700 

2300 

1100 

1—31 

1— U 

Cod 

575 

725 

800 

1-U 

1— If 

Lamprey 

275 

400 

300 

1— u 

1— u 

iUigler 

1 

400 

400 

300 

e 

1—1 

1-1 

284.  As  might  be  expected,  the  Brain  of  Man  bears  by  far  the  highest 
proportion;  but  this  proportion  is  not  so  superior  in  the  transverse  and  ver- 
tical diameters,  as  in  the  antero-posterior;  in  fact,  in  the  proportion  of  the 
vertical  diameter,  the  brain  of  Man  is  equalled  by  that  of  the  Dolphin,  and 
nearly  so  in  that  of  the  transverse  diameter.     In  the  complexity  of  the  con- 
TolutionSf  however,  and  in  the  thickness  of  the  gray  matter,  the  Cerebrum 
of  Man  far  surpasses  that  of  this  Cetaceous  animal.     In  these  respects  the 
higher  Quadrumana  present  the  nearest  approach  to  it;  but  their  brain  is 
much  inferior  in  size.    In  descending  the  scale  of  Mammalia,  there  may  be 
observed  a  gradual  simplification  in  the  general  structure  of  the  Brain,  de- 
pending upon  a  great  diminution  in  the  amount  of  commissural  fibres;  until 
in  the  Marsupialia  the  Brain  presents  nearly  the  same  condition  which  it 
offers  in  Birds  (§  218).     These  animals  manifest  a  much  lower  degree  of 
uitelligence  than  many  Birds  evidently  possess;  and  it  is  interesting  to  re- 
Biark,  that  their  cerebral  hemispheres  are  proportionably  smaller  than  those 
^hich  we  find  in  many  Birds;  the  diminution  in  their  relative  size  not 
being  counterbalanced  (as  it  is  in  some  other  instances)  by  increased  com- 
plexity of  structure.     In  the  class  of  Birds,  we  observe  that  the  Vulture  and 
^e  Falcon,  whose  predacious  instincts  give  them  a  considerable  amount  of 
l^eral  energy,  are  much  inferior  in  the  size  of  their  brains  to  the  Insesso- 
'Jal  Birds,  which  are  more  intelligent;  and  that  of  all  there  is  none  in  which 
^e  Brain  is  so  proportionally  large  as  it  is  in  the  Parrot  tribe,  the  educa- 
Wity  of  which  is  familiar  to  every  one;  whilst  the  easily-domesticable,  but 
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unintelligent  Turkey,  has  a  brain  of  scarcely  half  the  proportional  size. 
The  very  small  size  of  the  Cerebrum  in  Reptiles  and  Fishes  completely 
harmonizes  with  the  same  view;  these  animals  presenting  for  the  most  part 
but  feeble  indications  of  intelligence.  Among  Reptiles,  the  Tortoise  has  a 
Cerebrum  comparable  in  length  to  that  of  Birds;  but  its  breadth  and  depth 
are  far  less.  The  largest  Cerebra  among  Fishes  are  found  in  the  Shark 
tribe,  the  superior  intelligence  of  which  is  well  known  to  those  who  have 
had  the  opportunity  of  observing  their  habits;  and  it  is  interesting  to  remark, 
that  their  surface  occasionally  presents  an  appearance  of  rudimentary  con- 
volutions. 

285.  Comparative  Anatomy,  then,  fully  bears  out  the  general  doctrine, 
that  the  Cerebrum  constitutes  the  organ  of  Intelligence,  as  distinguished 
from  those  mere  Instincts  by  which  many  of  the  lower  animals  seem  to  be 
almost  entirely  guided.  By  Intelligence,  we  do  not  mean,  however,  the 
reasoning  faculties  only,  but  the  combination  of  those  powers  which  are  of 
an  educable  character,  and  which  become  the  springs  of  voluntary  action 
in  very  different  proportions  in  different  animals  of  the  same  tribe; — as 
distinct  from  those  which  have  an  immediate  relation  to  the  wants  of  the 
corporeal  system,  and  which  are  automatic  and  invariable  in  the  several 
individuals  of  the  same  species.  Observation  of  the  Human  species  exhibits 
the  same  distinction.  When  the  Brain  is  fully  developed,  it  offers  innu- 
merable diversities  of  form  and  size  among  various  individuals;  and  there 
are  as  many  diversities  of  character.  It  may  be  doubted  if  two  individuals 
were  ever  exactly  alike  in  this  respect.  That  a  Brain  which  is  greatly 
under  the  average  size,  is  incapable  of  performing  its  proper  functions,  and 
that  the  possessor  of  it  must  necessarily  be  more  or  less  idiotic,  there  can 
be  no  reasonable  doubt.  On  the  other  hand,  that  a  large  well-developed 
Brain  is  found  to  exist  in  persons  who  have  made  themselves  conspicaous 
in  the  world  by  their  attainments  or  their  achievements,  may  be  stated  as  a 
proposition  of  equal  generality?  In  these  opposite  cases,  we  witness  most 
distinctly  the  antagonism  between  the  instinctive  and  voluntary  powers. 
Those  unfortunate  beings,  in  whom  the  Brain  is  but  little  developed,  are 
guided  almost  solely  by  their  instinctive  tendencies,  which  frequently  mani* 
fest  themselves  with  a  degree  of  strength  that  would  not  have  been  sup- 
posed to  exist;  and  occasionally  new  instincts  present  themselves,  of  which 
the  Human  being  is  ordinarily  regarded  as  destitute.*  On  tlie  other  hand, 
those  who  have  obtained  most  influence  over  the  understandings  of  others, 
have  always  been  themselves  persons  of  strong  volitional  powers,  in  whom 
the  instinctive  tendencies  are  quite  subordinated  to  the  will,  and  who  hara 
given  their  whole  energy  to  the  particular  object  of  their  pursuit.  It  is  very 
different,  however,  with  those  who  are  actuated  by  what  is  ordinarily  termed 
genius,  and  whose  influence  is  rather  upon  the  feelings  than  upon  the  un- 
derstandings of  those  around  them;  these  are  frequently  very  deficient  in 
power  of  even  comprehending  the  ordinary  affairs  of  life;  and  still  more 
commonly,  they  show  an  extreme  want  of  judgment  in  the  management  of 
them,  being  under  the  immediate  influence  of  their  passions  and  emotioM, 
and  not  having  brought  these  under  the  control  of  their  intelligent  wilL 
The  life  of  a  genius,  whether  his  bent  be  upon  poetry,  music,  painting,  or 
upon  pursuits  of  a  more  material  character,  is  seldom  one  which  can  be 

*  A  remarkable  instance  of  this  has  been  recently  published.    A  perfecily  idiode  I 

girl,  in  Paris,  having  been  seduced  by  some  miscreant,  was  delivered  of  a  child  wiih-  j 
out  assisiancc.     It  was  found  that  she  had  gnawed  the  umbilical  cord  in  two;  in  the 

same  manner  as  is  practised  by  the  lower  animals.   It  is  scarcely  to  be  supposed  that  ) 

she  had  any  idea  of  the  object  of  this  separation.  i 
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held  up  for  imitation.  In  such  persons,  the  general  power  of  the  mind 
being  low,  the  Brain  is  not  usually  found  of  any  great  size.  The  mere 
comparative  size  of  the  Brain,  however,  affords  no  accurate  measure  of  the ' 
amount  of  mental  power;  we  not  unfrequently  meet  with  men  possessing 
large  and  well-formed  heads;  whilst  their  capacity  is  not  greater  than  that 
of  others,  the  dimensions  of  whose  crania  have  the  same  general  proportion, 
but  are  of  much  less  absolute  size.  Large  brains,  with  deficient  activity, 
are  commonly  found  in  persons  of  what  has  been  termed  the  phlegmatic 
temperament,  in  whom  the  general  processes  of  life  seem  in  a  torpid  and 
indolent  state;  whilst  small  brains  and  great  activity  betoken  what  are  known 
as  the  sanguine  and  nervous  temperaments.  These  distinctions  come  to 
be  very  important,  where  we  proceed  further  in  our  inquiries,  and  attempt 
to  determine  the  particular  modes  of  development  of  the  Brain,  which 
coincide  with  certain  manifestations  of  the  mind. 

280.  Having  now  inquired  into  the  evidence  of  the  general  functions  of 
the  Cerebmm,  which  may  be  derived  from  examination  of  its  comparative 
development,  we  proceed  to  our  other  sources  of  information, — Experiment, 
and  Pathological  phenomena.  The  effects  of  the  entire  removal  of  the 
Hemispheres  have  been  already  described  (§  264).  In  these  and  similar 
experiments,  it  has  been  constantly  remarked,  that  injuries  of  the  Cerebral 
substance  do  not  occasion  signs  of  pain,  and  that  they  do  not  give  rise  to 
any  convulsive  movements.  Even  the  thalami  optici  and  corpora  striata 
may  be  wounded,  without  the  excitement  of  convulsions;  but  if  the  in- 
cisions involve  the  tubercula  quadrigemina,  or  the  medulla  oblongata,  con- 
vulsions uniformly  occur.  This  result  perfectly  accords  with  what  has 
been  observed  in  Man;  for  it  has  been  frequently  remarked,  when  it  has 
been  necessary  to  separate  protruded  portions  of  the  Brain  from  the  healthy 
part,  that  this  has  given  rise  to  no  sensation,  even  in  cases  in  which  the 
mind  has  been  perfectly  clear  at  the  time.  The  effect  of  pressure  upon  the 
BnJn  is  well  known  to  be  the  suspension  of  all  its  operations:  this  has 
been  substantiated  by  experiments  upon  animals,  and  also  by  similar  ex- 
periments on  persons  who  have  had  a  portion  of  the  cranium  removed,  so 
u  to  expose  the  membranes  of  the  brain:  the  prcsure  of  the  finger  upon  the 
membranes  occasions  a  state  of  immediate  unconsciousness,  resembling 
profound  sleep,  which  ceases  as  soon  as  the  pressure  is  withdrawn.  Such 
pressure  will,  of  course,  affect  the  whole  Encephalon,  and  not  the  Cerebrum 
ikme.  Experiment  does  not  throw  much  light  on  the  particular  functions 
of  the  Corpus  Callosum  and  other  Commissures;  since  they  can  scarcely 
be  divided  without  severe  general  injury.  It  would  appear,  however,  that 
the  partial  or  entire  absence  of  these  parts,  reducing  the  Cerebrum  to  the 
lereiof  that  of  the  Marsupial  quadruped  or  of  the  Bird,  is  by  no  means  an 
nnfreqaent  cause  of  idiocy. 

287.  The  information  afforded  by  Pathological  phenomena  is  far  from 

being  definite.     Many  instances  are  on  record  in  which  extensive  disease 

has  occured  in  one  Hemisphere,  so  as  almost  entirely  to  destroy  it,  with- 

ont  either  any  obvious  injury  to  the  mental  powers,  or  any  interruption  of 

the  influence  of  the  mind  upon  the  body.     But  there  is  no  case  on  record 

of  severe  lesion  oiboth  hemispheres,  in  which  morbid  phenomena  were  not 

evident  during  life.     It  is  true  that,  in   Chronic  Hydrocephalus,  a  very 

remarkable  alteration  in  the  condition  of  the  Brain  sometimes  presents  itself, 

which   might  a  priori  have  been  supposed  destructive  to  its  powe/  of 

activity, — the  ventricles  being  so  enormously   distended  with  fluid,  that 

the  cerebral  matter  has  seemed  like  a  thin  lamina,  spread  over  the  interior 

of  the  enlarged  cranium.     But  there  is  no  proof  that  absolute  destruction 
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of  any  part  was  thus  occasioned;  and  it  would  seem  that  the  very  gradual 
nature  of  the  change  gives  to  the  structure  time  for  accommodating  itself 
to  it.  This,  in  fact,  is  to  be  noticed  in  all  diseases  of  the  Encephalon.  A 
sudden  lesion,  so  trifling  as  to  escape  observation,  unless  this  be  very  care- 
fully conducted,  will  occasion  very  severe  symptoms;  whilst  a  chronic 
disease  may  gradually  extend  itself  without  any  external  manifestation.  It 
will  usually  be  found  that  sudden  paralysis,  of  which  the  seat  is  in  the  Brain, 
results  from  some  slight  eflfusion  of  blood  in  the  substance  or  neighbour- 
hood of  the  Corpora  Striata;  whilst,  if  it  follow  disorder  of  the  Brain  of 
long  standing,  a  much  greater  amount  of  lesion  will  usually  present  itself. 
In  either  case,  the  paralysis  occurs  in  the  opposite  side  of  the  body^  as  we 
should  expect  from  the  decussation  of  the  pyramids;  bu^  it  may  occur  either 
in  the  same  or  on  the  opposite  side  of  the  face,  the  cause  of  which  is  not 
very  apparent.  If  convulsions  accompany  the  paralysis,  we  may  infer  that 
the  Corpora  Quadrigemina,  or  the  parts  below,  are  involved  in  the  injury; 
and  in  this  case  it  is  found,  that  the  convulsions  are  on  the  affected  side  of 
the  body.  Where,  as  not  unfrequently  happens,  there  is  paralysis  of  one 
side,  accompanyingr  convulsions  on  the  other,  it  is  commonly  the  result  of 
a  lesion  affecting  the  base  of  the  brain  and  medulla  oblongata,  on  the  side 
on  which  the  convulsions  take  place.  Many  apparent  anomalies  present 
themselves,  however,  which  are  by  no  means  easy  of  explanation,  in  the 
present  stale  of  our  knowledge. 

288.  The  general  result  of  such  investigations  is,  that  the  Cerebrum  is 
the  organ  through  which  all  those  impressions  are  received,  which  give  rise 
to  voluntary  actions,  and  that  it  affords  the  power  of  occasioning  muscular 
contraction  in  obedience  to  the  influence  of  the  will;  but  that  the  fibres 
composing  its  medullary  portion  are  not  susceptible  of  being  thrown  into 
action  by  mechanical  irritation,  in  the  same  manner  as  are  those  of  the  Spi- 
nal Cord  and  Nerves, — a  peculiarity  which  may,  perhaps,  be  connected 
with  the  slight  difference  of  their  structure,  formerly  explained  (§  110). 
There  is  no  positive  reason  for  the  belief,  that  the  Cerebrum  is  essential  to 
the  purely  Emotional  actions;  and  analogy,  as  we  have  seen,  applied  to  the 
explanation  of  pathological  phenomena,  would  lead  to  the  belief  that  theiT 
channel  is  different.  It  can  scarcely  be  denied,  however,  that  in  the  Cere- 
brum resides  that  power,  by  which  the  attention  of  the  mind  is  directed  to 
any  sensation,  and  by  which,  through  the  medium  of  a  brief  reasoning 
process,  a  notion  is  formed  regarding  its  nature:  this  operation  is  altogether 
designated  as  perception^ — which  term,  however,  is  also  applied  to  its  re- 
sult. Now  it  will  be  presently  seen,  that  the  formation  of  such  elementary 
notions  in  us,  is  often  a  complex  process,  though  a  rapid  one;  whilst,  in 
many  of  the  lower  animals,  it  appears  to  be  very  much  simpler — as  to  all 
those  points,  at  least,  which  concern  the  instinctive  actions  necessary  for 
their  wcll-beinj{.  Such  intuitive  perceptions  occasionally  take  place  in 
ourselves;  but  it  will  probably  appear,  from  examination  of  them,  that  they 
are  connected  either  with  the  mere  Instincts,  or  with  the  Emotions. 

289.  Some  metaphysicians  have  confounded  Perception  with  Sen8afion$ 
but  the  difference  may  be  easily  made  evident.  In  order  that  a  sennatiint 
should  be  produced,  a  conscious  slate  of  the  mind  is  all  that  is  requinKj* 
Its  whole  attention  may  be  directed  towards  some  oiher  object,  and  the 
sensation  calls  up  no  new  ideas  whatever:  yet  it  will  produce  some  chang0 
in  the  sensorium,  which  causes  it  to  be  (as  it  were)  registered  there  for* 
time,  and  may  become  the  object  of  subsequent  attention;  so  that,  wheit 
the  mind  is  directed  towards  it,  that  idea  or  notion  of  the  cause  of  the  sen^ 
sation  is  formed,  which  constitutes  2i  perception.     For  example,  a  student* 
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who  19  directing  his  thoughts  to  some  object  of  earaest  pursuit,  does  not 
receive  any  intimation  of  the  passage  of  time  from  the  striking  of  a  clock  in 
his  room.  The  sensation  must  be  produced,  if  there  be  no  defect  in  his 
nervous  system;  but  it  is  not  attended  to,  because  the  mind  is  bent  upon 
another  object.  It  may  produce  so  little  impression  on  the  mind,  as  not 
to  recur  spontaneously,  when  the  train  of  thought  which  previously  occu- 
pied the  mind  has  been  closed,  and  the  attention  is  ready  to  be  directed  to 
any  other  object;  or,  the  impression  having  been  stronger,  it  may  so  recur, 
and  at  once  excite  an  idea  in  the  mind.  Agdn,  the  individual  may  then  be 
able  only  to  say  that  he  heard  the  clock  strike;  or  he  may  be  able  to  retrace 
the  number  of  strokes.  Now,  in  either  case,  a  simple  perception  is  formed, 
without  his  being  aware  that  any  mental  operation  has  intervened.  He 
would  say  that  he  remembers  hearing  the  clock  strike;  but  this  would  not 
express  the  truth.  That  which  he  remembers  is  a  certain  series  of  sono- 
rous impressions,  which  was  conveyed  to  his  mind;  and  he  recognises 
them  as  the  striking  of  a  clock,  by  a  process  in  which  memory  and  judg- 
ment are  combined, — which  process  may  further  inforoi  him,  that  the 
sounds  proceeded  from  his  own  particular  clock.  If  he  had  never  heard  a 
clock  strike,  and  the  sound  produced  by  it  had  never  been  described  to  him, 
he  would  not  have  been  able  to  form  that  notion  of  the  object  that  gave  rise 
to  the  sensation,  which,  simple  as  it  appears  to  be  at  the  time,  is  the  result 
of  complex  mental  operations.  But  when  these  operations  have  been  fre- 
quently performed,  the  perception  or  notion  of  the  object  becomes  insepa- 
rably connected  with  the  sensation;  and  thus  it  is  excited  by  the  latter, 
without  any  knowledge  on  the  part  of  the  individual  that  a  mental  operation 
has  taken  place.  Such  perceptions  are  termed  acquired^  in  contradistinction 
to  the  intuitive  perceptions,  of  which  the  lower  animals  seem  to  possess  a 
large  namber.  The  idea  of  the  distance  of  an  object,  for  example,  is  one 
derived  in  Man  from  many  sources,  and  is  the  result  of  a  long  experience; 
the  infant,  or  the  adult  seeing  for  the  first  time,  has  to  bring  the  senses  of 
sight  and  of  touch  to  bear  upon  one  another,  in  order  to  obtain  it;  but, 
when  once  the  power  of  determining  it  is  acquired,  the  steps  of  the  process 
are  lost  sight  of.  In  the  lower  tribes  of  animals,  however,  in  which  the 
young  receive  no  assistance  from  their  parents,  there  is  an  evident  necessity 
for  some  immediate  power  of  forming  this  determination;  since  they 
would  not  be  able  to  obtain  their  food  without  it.  Accordingly  they 
manifest  in  their  actions  a  perception  or  governing  idea  of  distances,  which 
can  only  be  gained  by  Man  after  long  experience.  A  Fly-catcher,  for 
example,  just  come  out  of  its  shell,  has  been  seen  to  peck  at  an  insect, 
vith  an  aim  as  perfect,  as  if  it  had  been  all  its  life  engaged  in  learning 
the  art. 

290.  In  some  instances,  animals  learn  that  by  intuitive  perception,  at 
^hich  man  could  only  arrive  by  the  most  refined  processes  of  reasoning,  or 
^  the  careful  application  of  the  most  varied  experience.  Thus,  a  little  fish, 
>uned  the  Chmtodon  roatratus,  is  in  the  habit  of  ejecting,  from  its  prolonged 
■Boat,  drops  of  fluid,  which  strike  insects  that  happen  to  be  near  the  surface 
^  the  water,  and  cause  them  to  fall  into  it,  so  as  to  come  within  its  own 
'•ach.  Now,  by  the  laws  of  refraction  of  light,  the  place  of  the  Insect  in 
^  air  will  not  really  be  what  it  appears  to  be  to  the  Fish  in  the  water;  but 
it  will  be  a  little  below  its  apparent  place,  and  to  this  point  the  aim  must  be 
directed.  But  the  difference  between  the  real  and  the  apparent  place  will 
^  be  constant;  for  the  more  perpendicularly  the  rays  enter  the  water,  the 
^  will  be  the  variation;  and,  on  the  other  hand,  the  more  oblique  is  the 
^tion,  the  greater  will  be  the  difference.  Now  it  is  impossible  to  ima- 
27 
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gine  but  that,  by  an  intuitive  perception,  the  real  place  of  the  Insect  is  known 
to  the  Fish  in  every  instance,  as  perfectly  as  it  could  be  to  the  most  saga- 
cious human  mathematician,  or  to  a  clever  marksman  who  had  learned  the 
requisite  allowance  in  each  case  by  along  experience.  In  Man,  the  acquire- 
ment  of  perceptions  is  clearly  a  cerebral  operation;  but  their  intuitional 
formation  in  the  lower  animals  is  probably  to  be  regarded  as  one  of  those 
processes,  to  which  the  ganglia  connected  with  the  organs  of  special  sense, 
that  are  in  them  of  so  great  a  proportional  size,  are  subservient.  The  same 
may  be  said  of  many  of  the  intifitive  perceptions  in  Man;  which,  if  analyzed, 
are  found  to  be  connected  rather  with  the  instinctive  and  emotional  tenden- 
cies, than  with  the  intellectual  powers, — the  perceptions  which  minister  to 
the  exercise  of  these  last,  being  the  result  of  experience.  Thus,  it  has  been 
well  remarked  by  Dr.  Alison,  that  the  changes  which  Emotions  occasion  in 
the  countenance,  gestures,  &c.,  of  one  individual,  are  instinctively  inter- 
preted by  others;  for  these  signs  of  mental  affection  are  very  early  under- 
stood by  young  children,  sooner  than  any  associations  can  be  supposed  to 
have  been  formed,  by  experience,  of  their  connection  with  particular  modes 
of  conduct;  and  they  affect  us  more  quickly  and  strongly,  and  with  nicer 
varieties  of  feeling,  than  when  it  is  attempted  to  convey  the  same  feelings 
in  words,  which  are  signs  addressed  to  the  intellect. 

201.  Many  Physiologists  and  Metaphysicians  are  of  opinion,  that  every 
sensation  actually  experienced  may  become  the  subject  of  a  perception  at 
any  future  time,  though  beyond  the  voluntary  power  of  the  memory  to  re- 
trace; and  the  phenomena  of  dreams  and  delirium,  in  which  these  sensations 
often  recur  with  extraordinary  vividness,  afford  much  support  to  this  doc- 
trine.    Some  of  the  instances  upon  record  are  remarkable,  as  proving  that 
the  sensations  may  be  thus  remembered,  without  any  perceptions  being 
attached  to  them;  these  sensations  having  been  of  such  a  nature,  as  not  to 
excite  any  notion  or  idea  in  the  mind  of  the  individual.     A  very  extraor* 
dinary  case  of  this  kind  has  been  recorded,  in  which  a  woman,  during  the 
delirium  of  fever,  continually  repeated  sentences  in  a  language  unknown  to 
those  around  her,  which  proved  to  be  Hebrew  and  Chaldaic;  of  these  she 
was  perfectly  ignorant  on  her  recovery;  but  on  tracing  her  former  history, 
it  was  found  that,  in  early  life,  she  had  lived  as  a  servant  with  a  clergyman, 
who  had  been  accustomed  to  walk  up  and  down  the  passage,  repeating  or 
reading  aloud  sentences  in  these  languages,  which  she  must  have  retained 
in  her  memory  unconsciously  to  herself.     Of  the  nature  of  the  change  by 
which  sensations  are  thus  registered,  it  is  in  vain  to  speculate;  and  it  does 
not  seem  likely  that  we  shall  ever  become  acquainted  with  it.     This  is  cer- 
tain, however,, — that  disease  or  injury  of  the  brain  will  destroy  this  powert 
or  will  affect  it  in  various  remarkable  modes.     We  not  unfrequently  meet. 
with  cases  in  which  the  brain  has  been  weakened  by  attacks  of  epilepsy  oc 
apoplexy,  in  such  a  manner  as  to  prevent  the  reception  of  any  new  impres- 
sions; so  that  the  patient  does  not  remember  any  thing  that  passes  frons 
day  to  day;  whilst  the  impressions  of  events,  which  happened  before  th^ 
commencement  of  his  malady,  recur  with  greater  vividness  than  ever.     Oo 
the  other  hand,  the  memory  of  the  long-since-past  is  sometimes  enlireljT 
destroyed;  whilst  that  of  events  which  have  happened  subsequently  to  th^ 
malady  is  but  little  weakened.     The  memory  of  particular  classes  of  idea;^ 
is  frequently  destroyed; — that  of  a  certain  language,  or  some  branch  af 
science,  for  example.     The  loss  of  the  memory  of  words  is  another  very 
curious  form  of  this  discorder,  which  is  not  unfrequently  to  be  met  witli^ 
the  patient  understands  perfectly  well  what  is  said,  but  is  not  able  to  reply 
in  any  other  terms  than  yea  or  no, — not  from  any  paralysis  of  the  muscle* 
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of  articulation,  but  from  the  incapability  of  expressing  the  ideas  in  language. 
Sometimes  the  memory  of  a  particular  class  of  words  only,  such  as  nouns 
or  verbs,  is  destroyed;  or  it  may  be  impaired  merely,  so  that  the  patient 
mistakes  the  proper  terms,  and  speaks  a  most  curious  jargon.  These  cases 
have  a  peculiar  interest,  in  reference  to  the  final  subject  of  our  inquiry. 

292.  That  the  difierent  portions  of  the  Cerebrum  have  different  functions 
in  the  complex  operations  of  thought,  must  be  admitted  to  be  by  no  means 
an  improbable  speculation;  and  it  is  well  known  that,  under  the  name  of 
Phrenology,  or  the  Science  of  Mind,  a  systematic  allocation  has  been  made, 
of  what  have  been  regarded  as  the  several  fundamental  powers  and  faculties 
of  the  mind,  to  certain  parts  of  the  Cerebral  hemispheres.  This  was  first 
attempted  by  Gall,  who  states  himself  to  have  been  guided  in  his  deter- 
minations, by  observing  on  the  heads  of  those,  who  manifested  any  re- 
markable faculty  or  tendency,  a  corresponding  prominence;  and  to  have 
found  confirmation  of  his  inferences,  by  comparing  in  like  manner  the  skulls 
of  the  lower  animals  with  their  peculiar  powers  and  dispositions.  Both  these 
branches  of  inquiry  have  been  taken  up  by  numerous  observers;  and  a  large 
amount  of  evidence  has  been  adduced  by  them  in  support  of  Gall's  views, 
which  appears  in  itself  plausible,  and  which  is  regarded  by  many  physio- 
logists oi  much  intelligence  as  quite  decisive.  Nevertheless,  it  does  not 
appear  that  the  doctrine  is  widely  received  amongst  those,  whose  peculiar 
attention  to  the  Physiology  and  Pathology  of  the  Nervous  System  give  them 
the  highest  authority  on  the  subject;  and  much  additional  proof  would  seem 
to  be  requisite,  before  it  can  take  rank  as  substantially  true.  It  may  be 
freely  admitted  that  Mankind  is  in  the  habit  of  forming  an  impression  of  an 
individual's  intellectual  capacity,  by  the  height  and  expansion  of  his  fore- 
head; and  that  a  low  forehead  and  crown,  with  great  development  of  the 
occipital  portion  of  the  brain,  generally  accompanies  a  character  in  which 
the  influence  of  the  animal  passions  is  predominant;  and  correspondencies 
even  more  detailed  may  be  admitted,  without  the  inference  being  then  con- 
dasive,  that  these  several  parts  are  the  distinct  organs  of  the  faculties  of 
which  we  judge  by  their  relative  size.  It  may  be  thought  to  be,  in  regard 
to  the  form  of  the  head,  very  much  as  in  respect  to  the  character  of  the  face, 
—that  we  may  draw  from  it  a  general  idea  as  to  the  character  of  the  mind, 
and  not  unfrequendy  be  able  to  predicate  correctly  some  minute  details; 
and  yet  that  an  attempt  to  localize  the  organs  more  minutely,  may  be  as 
destitute  of  tnith  as  were  the  details  of  the  system  of  Lavater.  Moreover, 
a  fundamental  doubt  hangs  over  every  determination  of  function,  which 
xesults  from  a  comparison  of  the  size  of  the  supposed  organ  or  region  in 
different  cases.  If  it  be  true  that  the  grey  mailer  only  is  the  source  of 
]K>wer,  and  that  the  white  is  merely  a  conductor,  we  have  no  right  to  assume 
ihat  the  total  size  of  the  organ  affords  a  measure  of  its  power,  until  it  has 
Veen  shown  that  the  thickness  of  the  cortical  substance  can  be  judged  of  by 
^  size  of  the  Brain,  or  of  any  part  of  it.  Certainly  there  is  a  considerable 
Variation  in  this  respect  among  different  individuals;  and  it  is  yet  to  be 

Kved  that  the  relation  is  constant  in  different  parts  of  the  same  individual 
in.  Until  this  is  substantiated,  all  inferences  drawn  from  correspond- 
ence between  the  prominence  of  a  certain  part  of  the  brain,  and  the  intensity 
^i  particular  function,  are  invalid;  that  is,  if  the  general  doctrine  of  the 
'itive  functions  of  the  grey  and  white  matter  be  true.  Moreover,  there  is 
^rtunately  a  considerable  uncertainty  attending  all  Phrenological  obser- 
vations which  are  made  upon  the  cranium,  rather  than  upon  the  brain;  this 
^  have  seen  from  the  discrepancy  between  the  statements  of  Gall,  and  the 
**»  ascertained  regarding  the  comparative  weight  of  the  Cerebellum  in 
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castrated  and  entire  horses.  It  appears  to  the  Author,  too,  that  Compara- 
tive Anatomy  and  Psychology  are  very  far  from  supporting  the  system, 
when  their  evidence  is  fairly  weighed.*  It  is  a  very  curious  circumstance, 
that  the  difference  in  the  antero-posterior  diameter,  between  the  brain  of 
Man  and  that  of  the  lower  Mammalia,  principally  arises  from  the  shortness 
of  the  posterior  lobes  in  the  latter,  these  being  seldom  long  enough  to  cover 
the  Cerebellum;  yet  it  is  in  these  posterior  lobes,  that  the  animal  propen- 
sities are  regarded  by  phrenologists  as  having  their  seat.  On  the  other 
band,  the  anterior  lobes,  in  which  the  intellectual  faculties  are  considered 
as  residing,  bear,  in  many  animals,  a  much  larger  proportion  to  the  whole 
balk  of  the  brain  than  they  do  in  Man.  Again,  Comparative  Anatomy  and 
Experiment  alike  sanction  the  conclusion,  that  the  purely  Instinctive  pro- 
pensities have  not  their  seat  in  the  Cerebrum.  These  examples,  and  many 
similar  ones  that  might  easily  be  added,  collectively  show  the  uncertainty, 
to  say  the  least,  of  the  inferences  by  many  regarded  as  firmly  established. 

293.  The  evidence  of  Pathology,  again,  tends  to  show,  that  particular 
disorder  of  function  may  result  from  lesions  of  any  part  of  the  Cerebral 
hemispheres;  this  has  been  especially  noticed,  for  example,  in  regard  to  the 
loss  of  the  memory  of  words,  which  Phrenologists  locate  in  the  organ  of 
Language:  there,  of  course,  the  lesion  might  be  expected,  on  their  system, 
to  present  itself;  but  this  is  by  no  means  constantly,  or  even  generally,  the 
case.  Phrenologists  lay  great  stress  on  the  effects  of  local  injury  in  causing 
loss  of  memory  of  a  particular  subject;  but  this  principle,  if  carried  to  its  full 
extent,  would  require  us  to  regard  each  organ  as  split  up  into  a  large  num- 
ber of  subdivisions,— the  organ  of  language  for  example,  having  one  store- 
house for  Latin;  another  for  Greek,  &c.;  either  of  which  may  be  destroyed, 
without  the  other  being  affected.  A  very  important  scource  of  evidence  is 
that  afforded  by  the  correspondence  between  the  several  kinds  of  Monomania, 
and  the  forms  of  the  brains  of  the  persons  exhibiting  them;  and  the  nnmber 
of  those  who,  having  studied  this  question,  have  given  in  their  adhesion  to 
the  phrenological  view,  is  one  of  the  most  weighty  evidences  of  its  containing 
much  tnith.  The  doubts  which  have  been  expressed  on  the  subject  would 
have  much  less  weight,  if  the  coincidence  of  Phrenological  determinations 
of  character,  with  truth,  were  more  constant.  The  fairest  tqsts  of  these 
are  to  be  found,  as  Dr.  Holland  has  justly  remarked,  **not  in  vague  and  ill- 
defined  moral  propensities,  but  in  a  few  simple  and  well-marked  faculties, 
such  as  those  of  numerical  calculation,  languages,  or  music,  which  have  no 
others  in  actual  opposition  to  them,  and  the  degree  of  perfection  in  which  can 
be  clearly  defined.'*  We  hear  much  from  Phrenologists,  as  to  their  suc- 
cessful application  of  these  tests;  but  we  do  not  hear  of  the  instances  oF 
failure.  The  Author's  own  experience  of  their  determinations,  however.^ 
has  certainly  led  him  to  the  belief,  that  failure  is  nearly  as  frequent  as  sue — 
cess.  Without  wishing  to  set  himself  up  as  an  opponent  to  Phrenology^ 
he  perfectly  agrees  with  Dr.  Holland  in  thinking,  that  an  impartial  view 
it  requires,  **not  that  the  doctrine  should  be  put  aside  altogether,  but  ths 


great  abatement  should  be  made  of  its  pretensions  as  a  system."     In  pac^  - 

♦  Much  is  said  by  Phrenologists  respecting  M.  Vimonl*s  examination  of  t, 
question,  and  of  the  affirmative  decision  to  which  he  has  come;  but  they  are  not 
ready  to  mention,  that  M.  Leuret,  from  at  least  equally  extensive  observations,  I 
arrived  at  an  opposite  conclusion.  Of  these  two,  if  authority  is  to  decide  the  m 
ter,  the  Author  would  certainly  give  the  preference  to  M.  Leuret,  as  a  man  of  gei 
ral  eminence,  and  one  who  had  a  reputation  to  lose;  whilst  M.  Vimonl  was  p 
viously  unknown,  and  has  only  brought  himself  into  notoriety  by  bis  advocacy 
Phrenology. 
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ticnlar,  he  thinks  that  those  who  pursue  it,  are  bound  to  make  themselves 
first  acquainted  with  what  can  be  established  as  the  general  functions  of  the 
Brain,  before  descending  to  particulars. 

General  Recapitulation  and  Pathological  Applications. 

294.  A  general  Summary  of  the  views  here  propounded,  in  regard  to  the 
Functions  of  the  Cerebro-Spinal  division  of  the  Nervous  system,  may  pro- 
bably be  useful  in  assisting  the  Student  to  gain  clear  ideas  regarding  them. — 
The  fibres  of  the  nervous  trunks  may  be  divided,  according  to  the  direction 
of  their  influence,  into  two  classes, — the  afferent  or  centripetal, — and  the 
efferent  or  centrifugal.  The  afferent  may  be  said  to  commence  at  the 
periphery,  especially  on  the  skin,  mucous  surfaces,  &;c.,  and  to  terminate 
in  the  grey  matter  of  the  nervous  centres;  whilst  the  efferent  originate  in 
that  grey  matter,  and  terminate  in  the  muscles.*  Every  fibre  mns  a  distinct 
course  from  its  origin  to  its  termination;  and  it  is  not  improbable  that  the 
endowments  of  the  different  fibres  composing  each  trunk  are  very  distinct. 
From  the  great  vascularity  of  the  grey  matter,  and  the  occurrence  of  a 
structore  of  corresponding  character  around  the  origins  of  the  afferent 
nerres,  it  la  evident  that  its  functions  must  be  different  from  those  of  the 
fibrous  structure;  and,  whilst  there  is  no  evidence  that  the  latter  serves 
any  dififerent  purpose  than  that  of  a  mere  conductor,  there  seems  good 
reason  to  believe  that  all  the  active  operations,  of  which  the  nervous  sys- 
tem is  the  instrument,  orinfinate  in  the  former.  A  mass  of  grey  matter 
connected  with  nervous  trunks,  forms  a  ganglion;  and  in  the  Invertebrata, 
the  ganglia  are  frequently  numerous,  and  are  scattered  through  the  system, 
without  much  connection  with  each  other,— each  having  a  distinct  function. 
In  Vertebrate  animals,  on  the  other  hand,  they  are  united  into  one  mass,— 
partly,  it  would  seem,  for  the  sake  of  the  protection  afforded  them  by  the 
bony  skeleton, — and  partly  in  order  that  more  complete  consentaneousness 
ofaetion  may  be  attained.  Still,  several  distinct  divisions  may  be  traced  in 
the  centres  of  the  cerebro-spinal  system, — partly  by  the  determination  of 
their  respective  functions,  as  indicated  by  observation  and  experiment, — 
and  partly  by  the  study  of  the  distribution  of  the  nerves  proceeding  from 
them.  In  this  manner  we  arrive  at  the  knowledge  of  several  distinct  gan- 
glionic centres,  of  which  the  following  may  be  considered  as  a  general 
account. 

I.  The  True  Spinal  Cord,  consisting  of  a  nucleus  of  grey  matter,  receiv- 
ing afferent  fibres,  and  giving  origin  to  efferent;  by  these  it  is  connected 
with  all  parts  of  the  body,  but  especially  with  the  surface  and  muscles  of 
^extremities.     The  actions  of  this  centre  may  be  performed  without  con- 
sciousness on  the  part  of  the  individual;  and  they  consist  in  the  reflection  of 
a  motor  impulse  along  an  efferent  nerve,  on  the  reception  of  a  stimulus 
eonveyed  by  an  afferent  or  excilor  nerve.     These  reflex  movements  can  be 
best  excited,  when  the  muscles  are  removed  from  the  control  of  the  will, 
which  otherwise  would   generally  antagonize  them.     Some  of  them  are 
connected  with  the  maintenance  of  the  organic  functions;  and  others  with 
the  protection  or  withdrawal  of  the  body  from  injury.     Muscular  move- 
SKnts  may  also  be  excited  by  a  stimulus  directly  applied  to  the  Spinal  Cord 
itKlf(5  157—212). 

/  In  neither  case,  however,  can  the  word  Urminatehe  used  with  strict  correctness; 
*wc€  ihere  is  good  reason  lo  believe  that  the  apparent  termination  is  not  real,  but 
that  the  uliimate  fibres  spread  from  each  other  in  loops,  so  as  to  form  a  plezas,  in 
^bich  there  is  no  loss  or  cessation  of  any  one  of  them. 
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II.  The  Medulla  Oblongata,  or  cranial  prolongation  of  the  Spinal  Cord. 
The  actions  of  this  do  not  essentially  differ  from  those  of  the  true  Spinal 
Cord;  but  they  are  connected  with  different  organs.  This  part  consists 
chiefly  of  the  centres  of  the  nerves  of  Respiration  and  Deglutition, — two 
functions  of  which  the  continual  maintenance  is  essential  to  the  life  of  the 
being;  and  it  would  seem  as  if  these  were  placed  within  the  cranium,  to  be 
more  secured  from  accidental  injury.  The  movements  concerned  in  Re- 
spiration and  Deglutition  are,  like  those  excited  through  the  true  Spinal 
Cord,  of  a  strictly  reflex  character,  being  in  all  instances  due  to  an  impres- 
sion originating  in  the  periphery  of  the  system,  which,  being  conveyed  to 
the  centre,  excites  there  a  motor  impulse;  and  they,  also,  are  independent 
of  Sensation  (§  184—194). 

III.  The  Ganglia  of  the  nerves  of  Special  Sensation,  which  form,  as  it 
were,  the  continuation  of  the  Medulla  Oblongata.  These,  also,  appear  to 
minister  to  actions,  which  do  not  differ  widely  from  the  Reflex  in  character, 
— being  almost  necessarily  excited  by  certain  stimuli,  and  being  only  in  a 
degree  controllable  by  the  will.  But  their  actions  differ  in  this, — that  they 
are  attended  with  consciousness,  and  also,  it  would  appear,  with  certain 
peculiar  feelings.  Reasons  have  been  given  for  the  belief,  that  these  gan- 
glia are  the  centres  of  those  actions,  which  are  commonly  termed  instinctive 
in  the  lower  animals,  and  consensual  and  emotional  in  ourselves;  these  all 
correspond,  in  being  performed  without  any  idea  of  a  purpose,  and  without 
any  direction  of  the  will, — being  frequently  in  opposition  to  it  (§  258 — 265). 

IV.  The  Cerebral  Hemispheres  or  ganglia,  which  are  evidenUy  the  in- 
struments or  organs  of  the  intellectual  faculties.  These  are  connected,  by 
fibres  of  communication,  with  almost  all  parts  of  the  body;  and  from  their 
proportional  size  in  Man,  it  seems  probable,  that  many  of  the  nervous  trunks 
are  principally  composed  of  such  fibres.  It  is  probably  by  them  alone,  that 
ideas  or  notions  of  surrounding  objects  are  acquired,  and  that  these  ideas 
are  made  the  groundwork  of  mental  operations.  They  would  seem,  also, 
to  be  the  exclusive  seat  of  Memory.  The  results  of  these  operations  are 
manifested  on  the  bodily  frame,  through  the  Will,  which  is  capable  of  acting 
in  greater  or  less  degree,  on  all  the  muscles  forming  part  of  the  system  of 
Animal  life  (§279—292). 

V.  The  Cerebellum,  which  appears  to  be  concerned  in  the  regulation 
and  harmonization  of  Muscular  movement,  whetherl  nstinctive  or  Volun- 
tary (§  266—278). 

Tabular  View  of  the  Nervous  Centres, 

Cerebral  Ganglia, 

the  centres  of  the  operations 

of  intelligence  and  will. 
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each  group  containing  affereni  and     oT'H  ^      oT    each  group  containing  aflfereni  and 
effereo  I  fibres.  J  3.°'5  x*  5  I  efferent  fibres. 

205.  The  distinctness  of  the  operations  of  these  several  centres  is  shown 
in  various  ways;  but  especially  by  conditions  of  the  bodily  system,  in  which 
one  or  more  of  them  is  in  a  state  of  inaction,  whether  temporary  or  perma- 
nent, or  is  prevented,  by  the  interruption  of  the  usual  channel  of  communi- 
cation, from  operating  on  particular  parts.     Thus,  in  ordinary  profound 
sleep,  which  is  a  state  of  complete  unconsciousness,  it  is  evident  that  the 
Cerebral  Hemispheres,  and  the  Ganglia  of  Special  sense,  are  at  rest;  as 
^e  Cerebellum,  also,  may  be  considered  to  be;  but  the  Medulla  Oblongata 
and  Spinal  Cord  must  be  in  complete  functional  activity.     The  same  is  the 
case  in  the  profound  Coma,  resulting  from  effusion  of  blood,  or  from  nar- 
cotic poisons,  but  not  affecting  the  power  of  breathing  or  swallowing.     It 
may  be  frequently  observed,  that  the  sleep  is  not  so  profound  as  entirely  to 
suspend  the  consciousness  of  the  individual;  and  that  various  movements 
of  an  adaptive  character  are  performeff,  tending  to  relieve  uneasiness  re- 
sulting from  various  causes.    In  this  condition  it  seems  not  improbable  that 
the  sensory  ganglia  are  in  some  degree  awake,  and  that  the  movements  are 
of  an  instinctive  character; — the  mind  of  the  individual  not  being  sufficiently 
aetive  to  discern  the  cause  of  the  uneasiness,  or  to  employ  his  intelligence 
in  the  removal  of  it.    Whenever  dreaming  takes  place,  it  is  evident  that  the 
Cerebrum  is  in  a  state  of  partial  activity.    The  slate  of  Dreaming  and  many 
forms  of  Insanity  have  considerable  analogy  with  each  other,  especially  in 
the  absence  of  the  power,  which  is  so  characteristic  of  the  well-regulated 
mind  of  Man,  of  controlling  and  regulating  the  current  of  thought.     One 
idea  calls  up  another  according  to  their  previous  associations;  and  the  most 
incongruous  combinations  are  frequently  the  result:  but  it  will  generally,  if 
not  always,  be  found,  that  the  ideas  themselves  have  been  previously  in  the 
mind,  and  that  no  entirely  new  train  of  thought  is  started.     Of  the  decree 
in  which,  when  the  mind  is  thus  closed  to  the  external  world,  the  hidden 
•tores  of  memory  are  opened  to  its  search,  many  very  curious  instances  are 
Kcorded. 

296.  The  state  of  Somnambulism  appears  to  be  one  degree  nearer  to 

*feit  of  wakeful  activity  of  the  whole  mind,  than  is  that  of  Dreaming.     In 

*li«  latter  condition,  the  individual  is  unconscious  of  external  objects;  for,  if 

^*y  produce  an  effect  upon  him,  it  is  in  modifying  the  current  of  ideas, 

«K    frequently  in  some  very  ludicrous  manner:  and  he  does  not  form  any  true 

M    Perception  or  idea  of  their  nature.     But  in  Somnambulism,  his  senses  are 

'  M   ^^^y  awake,  so  that  impressions  made  upon  them  may  be  properly  repre- 

'■  •enied  to  the  mind,  and  excite  there  the  ideas  with  which  they  are  con- 
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nected;  moreover,  the  Cerebellum  is  also  awake,  so  that  the  movements 
which  the  individual  performs,  are  perfectly  adapted  to  their  object;  indeed 
it  has  frequently  occurred,  that  the  power  of  balancing  the  body  has  been 
so  remarkably  exercised  in  this  condition,  that  sleep-walkers  have  traversed 
narrow  and  difficult  paths,  over  which  they  could  not  have  passed  in  open 
day,  when  conscious  of  their  danger.  In  Somnambulism,  as  in  Dreaming, 
there  is  an  evident  want  of  voluntary  control  over  the  thoughts;  their  suc- 
cession is  more  influenced,  however,  by  impressions  received  from  without, 
than  it  is  in  dreaming;  and  hence  the  mind  may  sometimes  be  easily  guided 
into  a  particular  train,  by  properly  directing  the  impressions  made  upon 
the  sensory  organs.  It  may  be  remarked,  however,  that  impressions  which 
do  not  in  some  degree  harmonize  with  the  train  of  ideas,  are  not  received 
by  the  mind;  or,  at  any  rate,  they  are  not  applied  to  the  correction  of  the 
erroneous  notions  which  possess  it.  But  there  are  many  different  shades 
in  the  condition  of  the  mind,  between  Dreaming  and  Somnambulism;  the 
individual  being,  in  some  cases,  much  less  conscious  of  external  objects, 
than  he  is  in  others.  In  some  instances  it  appears  as  if  the  mind  was  so 
wholly  engrossed  in  a  particular  train  of  thought,  that  it  could  not  be 
affected  by  any  new  sensations;  this  has  its  parallel  in  the  waking  state. 
In  the  Somnambulism  induced  by  the  influence  of  the  so-called  Animal 
Magnetism,  it  is  asserted  that  the  individual  is  so  completely  unconscioas 
of  external  impressions,  that  injuries  which  would  ordinarily  produce  vio- 
lent pain  are  not  felt, — so  that  here  the  inactivity  of  the  sensory  ganglia 
must  be  much  greater  than  during  ordinary  sleep:  and  yet  that  the  Som- 
nambulist is  capable  of  hearing  any  questions  addressed  to  him  by  the 
Magnetizer,  or  by  a  person  placed  in  communication  with  him  by  the  latter.. 
That  these  phenomena  really  are  as  thus  represented,  must  be  considered 
as  still  doubtful;  since  so  many  sources  of  fallacy  attend  their  manifestation, 
that  they  can  scarcely  be  yet  received  as  ascertained  truth.  Complete  in- 
sensibility to  bodily  pain  is  well  known,  however,  to  be  a  not  unfrequent 
condition  in  ordinary  Somnambulism;  and  the  chief  questions  are — what  is 
the  peculiarity  of  the  influence  by  which  Magnetic  Somnambulism  is  in- 
duced,— and  what  are  the  peculiar  phenomena  which  distinguish  this  state. 
On  this  head  there  is  so  much  difference  of  opinion  amongst  those  who 
have  themselves  witnessed  the  phenomena,  that  those  who  have  not  are 
scarcely  justified  in  coming  to  decided  conclusions  either  way.  A  very  re- 
markable characteristic  of  the  state  of  Somnambulism,  is  the  complete  iso- 
lation which  commonly  exists,  between  the  trains  of  thought  which  then 
occupy  the  mind,  and  its  operations  during  the  waking  hours;  so  that  in 
neither  state  is  there  a  remembrance  of  what  passes  in  the  other.  There  is 
usually  this  difference,  however; — that  the  mental  operations  which  take 
place  in  Somnambulism  are,  like  those  of  dreaming,  frequently  suggested 
by  what  has  previously  been  occupying  the  mind;  whilst  these  seem  l€> 
leave  no  impression  to  be  retraced  in  the  waking  state,  though  all  thaJ^ 
passes  in  one  fit  of  Somnambulism  may  be  recollected  in  the  next.  Thi  ^ 
has  been  most  remarkably  observed  in  the  phenomena  of  that  curious  stat^  -v 
which  is  known  under  the  name  of  double  consciousness;*  in  this,  the  forr^s 
of  Somnambulism  in  which  there  is  a  consciousness  of  external  impre^ji^ 
sions,  seems  to  alternate  with  the  condition  of  ordinary  mental  activity,  an<^ 
the  individual  leads  (as  it  were)  two  distinct  lives,  recollecting  in  each  coi 

*  Much  inieresiing  information  on  this  and  other  subjects  alluded  to  in  this  sec- 
tion, may  be  found  in  Dr.  Abercrombie's  Treatise  on  the  Intellectual  Funciions. 
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ditioD  what  happened  in  previous  states  of  the  same  character,  but  knowing 
nothing  of  the  occurrences  of  the  other.* 

297.  We  have  thus  witnessed  several  varieties  in  the  condition  of  the 
bodily  system,  depending  upon  partial  or  complete  suspension  of  the  func- 
tional activity  of  the  Cerebrum,  Cerebellum,  and  Sensory  ganglia.  There 
is  no  normal  condition  of  the  Spinal  system,  which  at  all  corresponds  with 
these;  since  its  operations  are  so  closely  connected  with  the  maintenance  of 
the  organic  functions,  that  the  suspension  of  them  necessarily  induces  the 
cessation  of  the  latter.  This  is  especially  the  case,  however,  in  regard  to 
the  respiratory  ganglion;  and  the  whole  remainder  of  the  Spmal  Cord  may 
be  removed,  without  the  interruption  of  the  movements  which  are  dependent 
on  it.  Cases  have  occurred,  however,  in  which  the  natural  performance 
even  of  these  has  been  partially  or  entirely  suspended;  and  in  which  the 
maintenance  of  life  has  for  a  time  been  ejected  by  a  voluntary  exertion  of 
the  muscles  of  Respiration.  The  influence  of  the  will  upon  the  general 
motor  appantas  of  Man  seems  to  predominate  so  greatly  over  the  Reflex 
action  of  the  Spinal  Cord,  that  few  phenomena  which  are  attributable  to  the 
latter  ordinarily  present  themselves;  these  are  manifested,  however,  when 
the  influence  of  the  Brain  over  any  part  is  cut  off,  as  is  seen  in  certain  cases 
of  paralysis.  These  morbid  conditions  present  us,  also,  with  illustrations 
of  other  effects  of  the  interruption  of  the  communication  between  the  nervous 
centres  and  particular  sets  of  muscles.  Thus,  the  influence  of  the  Will  may 
be  cut  oflf,  although  that  of  the  Instincts,  Emotions,  and  Reflex  Function 
may  remain;  or  the  respondence  of  the  muscles  to  Emotion  may  be  pre- 
vented, whilst  they  are  still  capable  of  Voluntary  control,  or  of  Reflex  action. 
Such  cases  seem  to  point  very  clearly  to  three  distinct  primary  centres  of 
Nervoas  agency; — and  to  these,  the  Cerebrum,  Sensory  Ganglia,  and  Spinal 
Cord  (induding  the  Medulla  Oblongata)  have  been  here  assigned  as  the  in- 
stroments.  We  shall  next  inquire  into  some  other  morbid  conditions  of  the 
system,  which  seem  due  to  the  irregular  action  of  these;  and  in  this  we  shall 
be  chiefly  guided  by  the  researches  of  Dr.  M.  Hall,  which  have  been  already 
slightly  glanced  at  ($  211, 212). 

298.  Of  the  Convulsive  diseases,  it  appears  that  the  greater  part,  if  not 

the  whole,  may  be  attributed  to  a  morbid  state  of  the  Spinal  System  of 

nerves.     Of  these,  Tetanus  is  one  of  the  most  interesting  and  instructive 

forms.      This  disease  is   evidently   dependent  upon   a  state  of   undue 

excitability  of  the  whole  spinal  system;  and  this  may  be  produced  by 

different  causes.     That  which  is  termed  the  idiopathic  form  of  the  disease 

has  its  origin  in  the  centres;  it  may  result  in  Man  from  the  operation  of 

nrioos  predisposing  and  exciting  causes;  and  may  be  artificially  induced  in 

Animals  by  the  administration  of  Strychnia.     In  the  traumatic  form  of  the 

disease,  the  morbid  state  has  its  origin  in  a  local  injury;  and  the  irritation 

propagated  from  this,  and  operating  through  the  Spinal  Cord,  may  be  itself 

« cause  of  many  of  the  convulsive  movements.     But,  when  the  irritable 

•tete  is  once  established  in  the  nervous  centres,  convulsive  action  of  the 

noscles  may  be  excited  by  any  stimuli,  and  even  almost  entirely  without 

external  causes.     Hence  it  is  that,  whilst^the  amputation  of  the  injured  part 

i  i>  not  nnfrequently  the  means  of  saving  the  patient,  if  performed  sufficiently 
L  ^y,  it  is  attended  witli  no  benefit  if  delayed.  The  cerebral  apparatus  is 
m     entirely  unaflected  in  this  disorder;  but  the  nerves  of  deglutition  are  usually 

I 


•  We  never  hear  of  triple  consciousness.    Is  it  not  possible  that  the  curious  phe- 
nomena here  adverted  to  may  depend  upon  the  distinct  action  of  the  two  Hemispheres 
•f  the  Cerebraml    See  Dr.  Holland's  very  interesting  Essay  "  On  the  Brain  as  a 
I'oable  Organ." 
28 
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those  first  infiuenced  by  it;  those  of  respiration,  however,  being  soon  af- 
fected, as  also  those  of  the  trunk  in  general.  The  condition  termed  Hydro- 
phobia is  nearly  allied  to  that  of  traumatic  Tetanus,  differing  chiefly  in  the 
mode  in  which  the  cerebro-spinal  axis  is  affected.  The  irritable  state  of 
the  nervous  centres  results  from  a  local  injury  of  a  peculiar  kind;  and  here, 
too,  the  early  removal  of  the  part  is  very  desirable  as  a  means  of  prevention, 
although,  when  the  malady  has  once  reached  the  centres,  it  is  of  no  use. 
The  muscles  of  respiration  and  deglutition  are,  as  in  Tetanus,  those  spas- 
modically affected  in  the  first  instance;  but  there  is  this  curious  difference 
in  the  mode  in  which  they  are  excited  to  action, — that,  whilst  in  Tetanus 
the  stimulus  operates  through  the  true  Spinal  Cord  (either  centrally,  or  by 
being  conveyed  from  the  periphery),  in  Hydrophobia  it  is  often  conducted 
from  the  ganglia  of  special  sense,  or  even  from  the  brain;  so  that  the  sight 
or  sound  of  fluids,  or  even  the  idea  of  them,  occasions,  equally  with  their 
contact,  or  with  that  of  a  current  of  air,  the  most  distressing  convulsions. 

299.  Epilepsy  is  another  convulsive  disease  principally  involving  the 
Spinal  Cord,  but  partly  affecting  the  Brain.  The  predisposition  to  con- 
vulsive movements  may  depend  upon  many  causes;  but  the  movements 
themselves  are  in  general  immediately  excited  by  some  local  irritation,  as 
by  the  presence  of  undigested  matter  in  the  stomach,  of  worms  in  the  intes- 
tines, &c.,  although  frequently  also  from  causes  purely  mental.  The  con- 
vulsive movements  usually  affect  the  muscular  system  very  extensively; 
acting  especially  upon  the  muscles  of  ingestion  and  egestion.  The  Brain 
is  evidently  much  concerned  in  the  disease,  however;  as  is  evident  from 
the  numerous  instances  in  which  it  has  been  clearly  traced  to  some  local 
afiection  of  that  organ,  as  well  as  from  the  loss  of  consciousness  which  ac- 
companies the  convulsion.  Many  forms  of  that  protean  malady.  Hysteria, 
are  attended  with  a  similar  irritability  of  the  Nervous  Centres;  but  there  it 
this  remarkable  difference  in  the  two  cases,— that  the  morbid  phenomena  of 
Hysteria,  whilst  they  often  simulate  those  of  Tetanus,  Hydrophobia,  Epi- 
lepsy, &c.,  are  evidently  dependent  upon  a  state  of  the  system  of  a  much 
less  abnormal  character,  being  relieved  by  very  mild  remedies,  and  often 
being  capable  of  prevention  by  a  strong  effort  of  the  will.  Dr.  Hall  has 
pointed  out  an  important  distinction  between  Epilepsy  and  Hysteria,  which 
materially  influences  the  proximate  danger  of  the  paroxysm  of  each  re- 
spectively; in  the  former,  the  larynx  is  convulsively  closed,  and  partial 
asphyxia  is  the  necessary  result,  if  the  access  of  air  be  too  long  prevented, 
so  that  venous  congestion  ensues,  increasing  the  disorder  of  the  nervoas 
centres  even  to  a  fatal  degree;  in  Hysteria,  on  the  contrary,  much  as  the 
larynx  is  affected,  it  is  never  closed.  \ 

300.  The  foregoing  are  the  chief  general  spasmodic  diseases  in  which 
the  Spinal  system  of  nerves  is  evidently  involved;*  but  there  are  many 
others  of  a  more  local  character.     Such  are  the  various  forms  of  Spasmodk 


i 
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♦  Chorea  is  ranked  by  Dr.  M.  Hall  as  a  disease  of  the  Spinal  System  of  nerres; 
but  this  can  scarcely  be  regarded  as  a  correct  determination.  It  is  true  that  tber«  *• 
considerable  irregularity  in  the  ordinary  Reflex  actions;  but  the  irregularity  is  sliU 
greater  in  those  to  which  volition  or  emotion  are  the  stimuli.  Moreover,  the  body  i* 
at  rest  during  sleep;  and  "  the  Spinal  system  never  sleeps."  According  to  the  vie* 
here  given  of  the  functions  of  the  Cerebellum,  it  maybe  questioned  whether  tW 
organ  is  not  the  chief  seat  of  the  disease.  Stammering  mav  be  regarded  as  a  sort  « 
Chorea  aflecting  the  muscles  of  voice;  of  this  more  hereafter  (Chap,  vi.)  In  Par*" 
lysis  Agitans,  it  may  be  usually  observed,  that  the  voluntary  actions  arc  much  more 
affected  than  the  reucx;  the  latter,  indeed,  not  in  general  manifesting  any  disturbance.  ^ 
An  interesting  and  well-marked  case  of  this  disease  has  been  mentioned  to  the  Att*  | 
thor  by  Dr.  W.  Budd,  in  which  softening  was  found  in  the  Crnra  Cerebri.  ^ 
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Asthma,  the  attacks  of  which  generally  result  from  some  internal  irritation, 
either  in  the  lungs  themselves  or  in  the  digestive  system,  producing  a  reflex 
action  upon  the  muscular  fibres  of  the  bronchial  tubes.     The  Croup-like 
Convulsion,  or  Crowing  Inspiration  of  Infants,  again,  is  an  obstruction  to 
the  passage  of  the  air  through  the  glottis,  by  a  spasmodic  contraction  of  the 
constrictors  of  the  larynx.     This  spasmodic  action  may  be  induced  by 
yarious  kinds  of  irritation;  such  as  that  occasioned  by  teething,  by  the  pre- 
sence of  undigested  food,  or  by  intestinal  disorder.     In  the  crowing  inspira- 
tion, the  larynx  is  partially  closed;  when  the  spasm  is  severe,  however, 
there  is  complete  occlusion  of  the  passage,  and  forcible  efforts  at  expiration 
are  made,  which  induce,  as  in  epilepsy,  a  severe  degree  of  venous  conges- 
tion, and  this  reacts  upon  the  nervous  centres,  aggravating  the  previous 
disorder  of  their  condition.     The  present  increased  knowledge  of  the  func- 
tions of  the  laryngeal  nerves,  and  of  the  symptoms  of  this  disease,  appears 
to  render  inadmissible  the  explanation  of  it  given  not  long  since  by  Dr.  H. 
Ley,  who  attributed  it  to  paralysis  of  the  pneumogastric  nerves  occasioned 
by  pressure.— Spasmodic  closure  of  the  larynx  may  occur  from  other 
causes.     When  the  rima-glottidis  is  narrowed,  by  effusion  of  fluid  into  the 
substance  of  its  walls,  it  is  very  liable  to  be  completely  closed  by  spasmodic 
action,  to  which  the  unduly  irritable  condition  of  the  mucou&  membrane  will 
furnish  many  sources  of  excitement.     Choking,  again,  does  not  result  so 
much  from  the  pressure  of  the  food  on  the  air-passages  themselves,  as  from 
the  spasmodic  action  of  the  larynx  excited  by  this;  and  the  dislodgement  of 
the  morsel  by  an  act  of  vomiting  is  the  most  effectual  means  of  obtaining 
relief.— 'Tenesmus  and  Strangury  are  well-known  forms  of  spasmodic  mus- 
cular contraction,  excited  by  local  irritation  acting  through  the  Spinal  sys- 
tem.    The  abnormal  action  which  leads  to  Abortion  is  frequently  excited 
in  the  same  manner;  how  far  the  uterus  itself  is  called  into  contraction  by 
the  ordinary  spinal  nerves,  is  a  question  as  yet  undecided;  but  tlie  facts 
already  slated  leave  no  doubt,  that  stimuli  operating  on  these  may  act  upon 
it  through  the  Sympathetic  into  which  their  fibres  pass  (§  203).     It  will  be 
borne  in  mind,  however,  that,  in  abortion,  as  in  ordinary  parturition,  many 
muscles  are  called  in,  to  aid  the  contractions  of  the  uterus,  which  are  strictly 
under  the  dominion  of  the  Spinal  system. — There  is  a  form  of  Incontinence 
of  urine,  which  is  very  analogous  to  the  morbid  action  just  described;  the 
sphincter  has  its  due  power;  but  the  stimulus  to  the  evacuation  of  the  blad- 
der is  excessive  in  strength  and  degree,  owing  to  the  acridity  of  the  urine 
or  other  causes.     The  part  of  the  bladder  upon  which  this  appears  chiefly 
to  act,  is  the  trigonum,  which  is  well  known  to  be  more  sensitive  to  the 
irritation  of  calculi,  than  the  rest  of  the  internal  surface;  and  Sir  C.  Bell 
tdvises  young  persons  who  suffer  during  the  night  from  this  very  disagree- 
able complaint,  to  lie  upon  the  belly  instead  of  the  back,  so  that  the  contact 
of  the  urine  with  the  trigonum  may  be  delayed  as  long  as  possible. 

ZQl.  One  of  the  most  familiar  examples  of  the  pathological  excitement  of 
Ae  true  Spinal  system,  is  the  act  of  Vomiting;  and,  as  Dr.  M.  Hall  justly 
Rmarks,  the  special  function  of  this  system  nowhere  receives  better  illus- 
^tion.  The  act  may  be  excited  in  various  ways.  Thus,  it  results  from 
^tickling  of  the  fauces  with  a  feather  or  with  the  finger;  but  if  the  feather 
1^  carried  too  far  down,  an  act  of  deglutition  is  induced,  instead  of  vomit- 
^%*    In  this  instance  the  glosso-pharyngeal,  and  perhaps  also  the  fiftli 

_*This  has  been  the  cause  of  many  accidents.  Patients  have  tickled  the  fauces 
JJjih  a  feather,  in  order  to  excite  vomiting;  and,  having  introduced  it  too  far  into  the 
PwynXjit  has  been  drawn  out  of  their  fingers,  by  the  muscles  of  deglutition,  and 
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pair,  are  the  nerves  by  which  the  stimulus  is  conveyed  to  the  Medulla  Ob- 
longata. Vomiting,  again,  may  be  induced  by  substances  introduced  into 
the  stomach;  and  here  the  pneumogastric  is  evidently  the  excitor.  When 
it  takes  place  as  a  result  of  pregnancy,  or  of  some  intestinal  irritation,  the 
stimulus  must  be  conveyed  either  through  one  of  the  ordinary  Spinal  nerves, 
or  through  the  Sympathetic.  But  it  may  also  be  occasioned  by  the  sight, 
smell,  or  taste  of  any  disagreeable  object,  or  by  the  mere  conception  of  it, 
or  by  mental  emotion  simply.  In  this  case,  the  stimulus  appears  to  be  re- 
ceived by  the  ganglia  of  special  sense,  and  to  be  transmitted  by  them  to  the 
muscles  concerned,  as  by  the  Spinal  Cord  or  Medulla  Oblongata  in  the 
former  case.  When  Vomiting  is  excited  by  the  introduction  of  emetic  sub- 
stances into  the  blood  (§  199),  it  is  probable  that  their  stimulation  chiefly 
operates  through  the  extended  plexus  of  nerves  spread  out  by  the  Sympa- 
thetic upon  the  walls  of  the  blood-vessels;  but  the  irritant  action  of  the  sub- 
stance upon  the  nervous  centres  may  be  also  concerned.  In  regard  to  the 
mechanism  by  which  the  act  of  Vomiting  is  produced,  considerable  differ- 
ence of  opinion  has  existed.  The  old  opinion  was,  that  it  was  occasioned 
by  the  simple  contraction  of  the  stomach  itself;  but  Magendie  proved  that 
this  could  not  be  the  case,  by  substituting  a  bladder  for  the  stomach  of  an 
animal,  and  theit  injecting  a  solution  of  tartarized  antimony  into  its  blood, 
which  immediately  caused  the  emptying  of  the  bladder,  by  the  pressure  of 
the  surrounding  muscles;  these  muscles  he  considered  to  be  the  diaphragm 
and  abdominal  muscles,  the  conjoint  action  of  which  would  be  a  peculiarity 
observed  in  no  other  instance.  By  Dr.  M.  Hall,  on  the  other  hand,  it  is 
maintained  that  the  act  of  vomiting  is,  like  the  expulsion  of  the  foetus,  urine, 
faeces,  &c.,  an  expiratory  efibrt,  modified  in  its  eflects  by  the  peculiar  con- 
dition of  the  spinchters.  It  bears,  indeed,  great  resemblance  to  the  act  of 
coughing;  differing  chiefly  in  this,  that  in  Vomiting  the  larynx  is  closed 
during  the  whole  operation,  whilst  it  is  only  closed  momentarily  in  cough- 
ing; and  also,  that  in  coughing  the  cardiac  orifice  of  the  stomach  is  clorod, 
whilst  in  vomiting  it  is  opened.  In  this  view,  the  accuracy  of  which  has 
been  proved  by  experiment,  the  diaphragm  is  quite  inert.  A  curious  case 
has  been  recorded  by  Drs.  Graves  and  Stokes,*  in  which  vomiting  took 
place  from  the  stomach  of  a  man,  who  was  found  after  death  to  be  the  sub* 
ject  of  a  very  remarkable  change  in  the  relative  position  of  the  viscera,— the 
stomach  lying  in  the  thorax,  which  cavity  communicated  with  the  abdomen 
by  an  opening  in  the  diaphragm,  giving  passage  to  the  oesophagus  and  duo- 
denum. This  case  was  regarded  by  its  reporters  as  proving,  that  vomiting 
might  take  place  by  the  action  of  the  stomach  alone;  but  it  can  scarcely  be 
held  to  justify  this  conclusion;  since,  the  diaphragm  being  entirely  passive, 
the  abdominal  muscles  would  have  the  same  power  of  emptying  the  stomach 
as  they  would  possess  over  the  lungs.  The  conformity  of  the  act  of  vomit- 
ing with  that  of  expiration,  is  further  shown  by  the  ejection  of  the  contents 
of  the  oesophagus,  which  will  take  place,  when  it  is  distended  by  the  degla- 
tition  of  food  that  cannot  pass  on  into  the  stomach,  on  account  of  an  ob- 
stniction  at  the  cardia. 

carried  into  the  cesophagus.    Similar  accidents  have  occurred  with  the*reclam-boii- 
gie,  and  female  catheter,  as  well  as  with  probes,  &c.,  introduced  into  the  male  urethra; 
all  the  orifices  being  furnished  with  a  kind  of  ingestive  power,  which  is  clearly  the 
result  of  Reflex  action. 
•  Dublin  Hospital  Reports,  Vol.  v. 
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CHAPTER  IV. 

OF  SENSATION,  AND  THE  ORGANS  OF   THE  SENSES. 

Of  Sensation  in  General. 

302.  By  the  term  Sensation  is  right]y  understood  that  change  in  the 
condition  of  the  mind,  by  which  we  become  aware  of  an  impression  made 
npon  some  part  of  the  body;  or,  in  a  briefer  form  of  expression,  it  may  be 
defined  to  be  the  consciousness  of  an  impression.  Some  physiologists 
have,  it  is  tme,  spoken  of  a  sensation  without  consciousness;  but  it  seems 
Tery  desirable  thus  to  limit  the  term;  since  the  word  impression  may  be 
Tcry  well  applied  to  whatever  change  is  produced  in  the  afferent  nerves  by 
an  external  canse,  up  to  the  point  at  which  the  mind  becomes  conscious  of 
it.  We  have  seen  reason  to  believe  that  the  impressions  communicated  to 
the  Spinal  Cord  may  there  excite  motor  actions,  without  occasioning  true 
SenaaticHi;  and  it  would  seem  to  be  with  the  Brain  only,  that  the  Mind  pos- 
sesses the  relation  necessary  for  the  production  in  it  of  such  a  change. 
Hence  the  Brain  is  spoken  of  as  the  Sensorium.  For  the  reasons  already 
given  ($  261),  it  seems  probable  that  the  ganglia  of  Special  Sensation  share 
m  thifli  fonction  with  the  Cerebral  Hemispheres.  The  afferent  nervous 
fibres  which  connect  the  various  parts  of  the  body  with  the  brain,  are  termed 
MfMory.  This  term  has  also  been  applied  to  those  which  terminate  in  the 
Spinal  Cord;  but  as  the  impressions  which  these  convey  do  not  produce 
senaationSy  it  seems  desirable  to  avoid  thus  designating  them;  and  the  term 
excilor,  proposed  by  Dr.  M.  Hall,  is  much  preferable.  Every  afferent 
spinal  nerve,  therefore,  is  made  up  of  sensory  and  of  exciter  fibres;  and 
these  may  be  distributed  in  very  different  proportions  to  different  parts.  Of 
the  ezcitor  fibres,  enough  has  been  already  said.  Those  parts  of  the  body 
which  are  endowed  with  sensory  fibres,  and  impressions  on  which,  there- 
lore,  give  rise  to  sensation,  are  ordinarily  spoken  of  as  sensible;  and  differ- 
ent parts  are  spoken  of  as  sensible  in  different  degrees,  according  to  the 
strength  of  the  sensation  which  is  produced  by  a  corresponding  impression 
on  each. 

303.  In  accordance  with  what  was  formerly  stated  (§  118)  of  the  depend- 
ence of  all  nervous  action  on  the  continuance  of  the  capillary  circulation, 
especially  at  the  extremities  of  the  fibres,  it  is  found  that  the  sensory  nerves 
ire  distributed  pretty  much  in  the  same  proportion  as  the  blood-vessels:  that 
it  to  say,  in  the  non-vascular  tissues, — such  as  the  epidermis,  hair,  nails, 
and  bony  substance  of  the  teeth,  no  nerves  exist,  and  there  is  an  entire 
absence  of  sensibility;  and  in  those  whose  vascularity  is  trifling,  the  sensi- 
bility is  dull,  as  is  the  case  with  bones,  cartilages,  tendons,  ligaments, 
fibrous  membranes,  and  other  parts  whose  functions  are  simply  mechanical, 
and  even  with  serous  and  cellular  membranes.  Many  of  these  textures  are 
acutely  sensible,  however,  under  certain  circumstances;  thus,  although  ten- 
dons and  ligaments  may  be  wounded,  burned,  &;c.,  with  little  or  no  con- 
sciousness of  the  injury,  they  cannot  be  stretched  without  considerable  pain; 
and  the  fibrous,  serous,  and  cellular  membranes,  when  their  vascularity  is 
increased  by  inflammation,  also  become  extremely  susceptible  of  painful 
impressions.  All  very  vascular  parts,  however,  do  not  possess  acute  sen- 
sibility; the  muscles,  for  instance,  are  furnished  with  a  large  supply  of  blood, 
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to  enable  them  to  perform  their  peculiar  function,  but  they  are  not  sensible 
in  by  any  means  tlie  same  proportion.  Even  the  substance  of  the  brain 
and  of  the  nerves  of  special  sensation  appears  to  be  destitute  of  this  property; 
and  the  same  may  be  said  of  the  mucous  membranes  lining  the  interior  of 
the  several  viscera,  which,  in  the  ordinary  condition,  are  much  less  sensible 
than  the  membranes  which  cover  those  viscera,  although  so  plentifully  sup- 
plied with  blood  for  their  especial  purposes.  The  most  sensible  of  all  parts 
of  the  body  is  the  8kin,  in  which  the  sensory  nerves  spread  themselves  out 
into  a  minute  network;  and  even  of  this  tissue  the  sensibility  diflers  greatly 
in  different  parts.  The  organs  of  special  sensation  arc,  by  the  peculiar 
character  of  the  nerves  with  which  they  are  supplied,  rendered  sensible  to 
impressions  of  a  particular  kind;  thus,  the  eye  is  sensible  to  light,  the  ear 
to  sound,  dec;  and  whatever  amount  of  ordinary  sensibility  they  possess  is 
dependent  upon  other  sensory  nerves.  The  eye,  for  example,  contrary  to 
the  usual  notions,  is  a  very  insensible  part  of  the  body,  unless  aflfected  with 
inflammation;  for  though  the  mucous  membrane  which  covers  its  surface, 
and  which  is  prolonged  from  the  skin,  is  acutely  sensible  to  some  kinds  of 
impressions,  the  interior  is  by  no  means  so,  as  is  well  known  to  those  who 
have  operated  much  on  the  eye.  And  there  are  many  parts  of  the  body, 
that  are  supplied  with  the  common  sensory  nerves,  which  convey  to  the 
mind  impressions  of  some  kinds  with  much  greater  readiness  than  they  com- 
municate those  of  a  diilerent  description. 

304.  It  appears,  then,  that  the  vascularity  of  a  part  is  an  essential  condi- 
tion of  its  sensibility;  but  it  does  not  follow  that  a  tissue  should  be  peculiarly 
sensible  because  it  is  highly  vascular,  since  its  large  supply  of  blood  may 
be  required  for  other  purposes.   It  is  not  simple  vascularity,  however,  which 
is  necessary,  but  rather  an  active  capillary  circulation;  any  cause  which 
retards  this,  deadens  the  sensibility,  as  is  well  seen  in  regard  to  cold;  and, 
on  the  other  hand,  an  increase  in  its  energy  produces  a  corresponding  in- 
crease in  the  sensibility,  as  is  peculiarly  evident  in  the  active  congestioo 
which  usually  precedes  inflammation.   Acute  sensibility  to  external  impres- 
sions may  arise,  however,  not  only  from  abnormal  activity  of  the  circulation 
in  the  organ  or  part  itself,  but  from  the  same  condition  aflfecting  that  part  of 
the  sensorium  in  which  the  impressions  are  received.     Thus  in  active  con- 
gestion and  inflammation  of  the  brain,  the  most  ordinary  external  impressioof 
produce  sensations  of  an  unbearable  violence;  and  there  are  some  peculiar 
conditions  of  the  nervous  system,  known  under  the  name  of  hysterical,  la 
which  the  patients  manifest  the  same  discomfort,  even  when  the  circulatioa 
is  feeble,  rather  than  in  an  excited  state.     It  is  remarkable  that  the  seDfi" 
bility  of  the  mucous  membranes  lining  the  internal  organs  is  less  exalted 
by  the  state  of  inflammation,  than  is  that  of  most  other  parts;  and  in  this 
arrangement  we  may  trace  a  wise  and  beneficient  provision;  since,  were  it 
otherwise,  the  functions  necessary  to  life  could  not  be  performed  withoot 
extreme  distress,  with  a  very  moderate  amount  of  disorder  in  the  viscera* 
If  a  joint  is  inflamed,  we  can  give  it  rest;  but  to  the  actions  of  the  aliment' 
ary  canal  we  can  give  little  voluntary  respite. 

305.  The  feelings  of  Pain  or  Pleasure  which  are  connected  with  parti-  i 
cular  sensations,  cannot  (for  the  most  part  at  least)  be  explained  upon  anf 
other  principle,  than  that  of  the  necessary  association  of  these  feelings,  ^J 
an  original  law  of  our  nature,  with  the  sensations  in  question.  As  a  generd 
rule  it  may  be  stated,  that  the  violent  excitement  of  any  sensation  is  di^ 
greeable,  even  when  the  same  sensation  in  a  moderate  degree  may  be  s 
source  of  extreme  pleasure.  This  is  the  case  alike  with  those  imprcssioDi 
which  are  communicated  through  the  organs  of  sight,  hearing,  smeli,  sod 
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taste*  as  with  those  that  are  received  through  the  nerves  of  common  sensa- 
tion; and  there  can  be  no  doubt  that  the  final  cause  of  the  association  of 
painful  feelings  with  such  violent  excitement,  is  to  stimulate  the  individual 
to  remove  himself  from  what  would  be  injurious  in  its  efiecls  upon  the  sys- 
tem. Thus,  the  pain  resulting  from  violent  pressure  on  the  cutaneous  sur- 
^ce,  or  from  the  proximity  of  a  heated  body,  gives  warning  of  the  danger 
of  injury,  and  excites  mental  operations  destined  to  remove  the  part  from 
the  influence  of  the  injurious  cause;  and  this  is  shown  by  the  fact,  that  loss 
of  sensibility  is  frequently  the  indirect  occasion  of  severe  lesions, — the  indi- 
vidual not  receiving  the  customary  intimation  that  an  injurious  process  is 
taking  place.  Instances  have  occurred,  in  which  severe  inflammation  of 
the  membrane  lining  the  air-passages  has  resulted  from  the  eflfects  of  ammo- 
niacal  vapours  introduced  into  them  during  a  state  of  syncope, — the  patient 
not  reeeiving  that  notice  of  the  irritation,  which  would,  in  an  active  condition 
of  his  nervous  system,  have  prevented  him  from  inhaling  the  noxious  agent. 
It  is  a  general  rule,  with  regard  to  all  sensations,  however,  that  their  intensity 
is  much  affeeted  by  habit;  being  greatly  diminished  by  frequent  and  continual 
repetition.  This  is  partly  due  to  the  difl*erent  degree  of  attention  which  the 
sensations  excite  in  the  mind;  but  there  are  many  facts  which  lead  to  the 
concJusionf  that  it  is  chiefly  to  be  attributed  to  a  change  in  the  degree  in 
which,  aAer  frequent  repetition,  they  impress  the  consciousness  itself.  Thus, 
most  persons  are  readily  awoke  from  a  sound  sleep  by  a  trifling  noise,  if  the 
soood  be  of  a  kind  which  they  are  unaccustomed  to  hear;  but  after  a  few 
repetitions,  the  sound  loses  its  eflfect,  unless  its  intensity  be  increased.  Of 
this,  every  one  has  had  experience,  who  has  occasionally  made  use  of  an 
alarum  to  arouse  him  for  a  few  mornings  in  succession.  It  is  curious,  also, 
that  the  feelings  of  pain  or  pleasure  which  unaccustomed  sensations  excite, 
are  often  exchanged  for  each  other,  when  the  system  is  habituated  to  them; 
this  is  especially  the  case  in  regard  to  impressions  communicated  through 
the  organs  of  smell  and  taste.  There  are  many  articles  in  common  use 
among  mankind,— -such  as  Tobacco,  Fermented  liquors,  &c., — the  use  of 
which  cannot  be  said  to  produce  a  natural  enjoyment,  since  it  is  at  flrst  un- 
l^easant  to  most  persons;  and  yet  it  first  becomes  tolerable,  then  agreeable; 
and  at  last  the  want  of  them  is  felt  as  a  painful  privation,  and  the  stimulus 
must  be  applied  in  an  increasing  degree,  in  order  to  produce  the  usual 
effect. 

306.  The  general  law,  that  sensations  are  blunted  by  frequent  repetition, 

may  perhaps  be  connected  with  certain  other  general  facts,  which  lie  under 

the  observation  of  every  one.     It  is  well  known  that  the  vividness  of  sensa- 

tbns  depends  rather  on  the  degree  of  change  which  they  produce  in  the 

lystem,  than  on  the  absolute  amount  of  the  impressing  cause;  and  this  is 

liike  the  case  with  regard  to  the  special  and  ordinary  sensations.     Thus, 

oir  sensations  of  heat  and  cold  are  entirely  governed  by  the  previous  condi- 

tioo  of  the  parts  aflfected;  as  is  shown  by  the  well-known  experiment  of 

putting  one  hand  in  hot  water,  the  other  in  cold,  and  then  transferring  both 

V>  tepid  water,  which  will  seem  cool  to  one  hand,  and  warm  to  the  other. 

Eiery  one  knows,  too,  how  much  more  we  are  afllected  by  a  warm  day  at 

^  commencement  of  summer,  than  by  an  equally  hot  day  later  in  the 

*titon.     The  same  is  the  case  in  regard  to  light  and  sound,  smell  and  taste. 

^person  going  out  of  a  totally  dark  room  into  one  moderately  bright,  is  for 

{he  time  painfully  impressed  by  the  light,  but  soon  becomes  habituated  to 

^whilst  another,  who  enters  it  from  a  room  brilliantly  illuminated,  will 

*o&iider  it  dark  and  gloomy.     Those  who  are  constantly  exposed  to  very 

W  noises,  become  almost  unconscious  of  them,  and  are  even  undisturbed 
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by  them  in  illness;*  and  the  medical  student  well  knows  that  even  the  eiHuvia 
of  the  dissecting-room  are  not  perceived,  when  the  organ  of  smell  is  habi- 
tuated to  them;  although  an  intermission  of  sufficient  length  would,  in  either 
instance,  occasion  a  renewal  of  the  first  unpleasant  feelings,  when  the  indi- 
vidual is  again  subjected  to  the  impression. 

307.  Again,  it  is  a  well-known  fact,  that  impressions  made  upon  the 
organs  of  sense  continue  for  a  time,  after  the  cause  of  the  impression  has 
ceased.  It  is  in  this  manner  that  a  musical  tone,  which  seems  perfectly 
continuous,  results  from  a  series  of  consecutive  vibrations,  following  each 
other  with  a  certain  rapidity;  and  that  a  line  or  circle  of  light  is  produced 
by  a  luminous  body  moving  with  a  certain  velocity.  Now  there  is  reason 
to  believe  that  changes,  of  which  the  effects  thus  transiently  remain  npon 
the  nerves  of  sense,  are  more  permanently  impressed  upon  the  sensorium; 
since,  as  formerly  shown  (§291),  we  can  only  in  this  manner  account  for 
the  phenomena  of  Memory,  and  for  the  effects  produced  upon  this  power, 
by  material  changes  in  the  brain.  Hence  the  diminution  in  the  force  of 
sensations,  which  is  the  consequence  of  their  habitual  recurrence,  may  be 
considered  as  resulting  from  these  two  general  facts, — the  persistence  of  the 
impression  made  by  them  upon  the  sensorium, — and  the  consequent  absence 
of  a  change  in  it8  state,  when  a  sensory  impression  is  brought  to  it,  which 
is  of  the  same  nature  with  one  already  registered  there:  the  degree  in  which 
the  consciousness  is  excited,  being  dependent,  as  just  stated,  not  upon  the 
absolute  degree  of  the  impressing  cause,  but  upon  the  amount  of  change 
which  it  produces  in  the  sensorial  apparatus.  In  this  respect  there  is  a 
perfect  conformity  between  the  law  of  sensation  and  that  of  muscular  con- 
traction; for  stimuli  which  excite  the  latter  usually  lose  their  force  in  pro- 
portion to  the  frequency  of  their  repetition.  Indeed  both  may  be  considered 
as  results  of  the  more  general  laws  of  vitality;  for  the  actions  of  other  tissues 
follow  the  same  rule,  as  is  shown  by  the  tolerance,  that  may  be  gradually 
established  in  the  system,  of  medicinal  agents,  poisons,  &c.,  which  would 
have  at  first  produced  the  most  violent  effects  when  given  in  the  same 
amount. 

308.  It  is  through  the  medium  of  Sensation,  that  we  acquire  a  knowledge 
of  the  material  world  around  us;  and  that  its  changes  excite  mental  opera- 
tions in  ourselves.  The  various  kinds  or  modes  of  Sensation  excite  in  as 
various  ideas  regarding  the  properties  of  matter;  and  these  properties  are 
known  to  us,  only  through  the  changes  which  they  produce  in  the  several 
organs.  Thus  a  man  totally  blind  from  birth  can  form  no  idea  of  the  nature 
of  light  or  colours;  nor  could  one  completely  deaf  have  any  conception  of 
musical  tones.  It  is  well  known  that  instances  exist,  in  which,  from  some 
imperfection  of  the  organization,  there  is  an  incapacity  for  distinguishing 
colours  or  musical  tones,  whilst  there  is  no  want  of  sensibility  to  light  or 
sound;  and  that  some  persons  are  naturally  endowed  with  a  much  greater 
range  of  the  sensory  faculties  than  others  possess.  Hence  it  does  not  seem 
at  all  improbable,  that  there  are  properties  of  matter,  of  which  none  of  otrr 
senses  can  take  immediate  cognisance;  and  which  beings  might  be  formed 
to  perceive,  in  the  same  manner  as  we  are  sensible  to  light,  sound,  &e* 
Thus,  it  is  well  known  that  many  animals  are  affected  by  atmospherie 
changes  in  such  a  manner,  that  their  actions  are  regarded  by  man  as  incB- 
cations  of  the  probable  state  of  the  weather;  and  the  same  is  the  case  in  a 

♦  This  fact  is  very  well  known  in  the  manufacturing  districts;  where  it  is  notataU 
uncommon  for  a  family  to  live  in  the  immediate  vicinity  of  a  forge-hammer:  and 
I  hose  who  are  accustomed  to  ihe  noise  are  unable  to  sleep  anywhere  el«. 
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less  degree  with  some  of  onr  own  species,  who  are  peculiarly  susceptible 
of  the  same  influences.     Now  the  most  universal  of  all  the  qualities  or 
properties  of  matter, — that,  in  fact,  on  which  our  notion  of  it  is  founded,-— 
is  retiatance;  and  it  is  this  quality,  of  which  the  knowledge  seems  most 
universally  diffused  throughout  the  Animal  kingdom.     In  the  lowest  tribes, 
we  find  that  contact  between  their  surface  and  some  material  body  is  re- 
quired to  produce  sensation;  and  beings  which  Cannot  be  made  conscious, 
in  this  manner,  of  the  existence  of  something  external  to  themselves,  do 
not  deserve  to  be  ranked  in  the  Animal  kingdom.     Our  difficulty  lies  (as 
heretofore  remarked,  §  1 13)  in  ascertaining  what  are  to  be  regarded,  in  such 
beings,  as  unequivocal  indications  of  consciousness.     Those  animals  which 
are  fixed  to  one  spot  can  have  few  other  ideas  of  matter  than  this  most 
general  one;  but  in  those  which  have  the  power  of  locomotion,  the  general 
sensibility  of  the  surface  doubtless  communicates  to  them  some  notion  of 
the  character  of  the  body  over  which  they  move,  in  the  same  manner  as  we 
learn  it  by  passing  the  hand  over  its  exterior.  We  shall  presently  see,  how- 
ever, that  the  idea  of  the  shape  of  a  body  which  we  form  from  the  touch, 
results  from  a  very  complex  process,  which  animals  of  the  lowest  grade 
can  scarcely  be  supposed  to  exercise.     There  can  be  no  doubt  that,  next  to 
the  mere  sense  of  resistance,  sensibility  to  temperature  is  the  most  uni- 
versally diffused  through  the  Animal  kingdom;  and  probably  the  conscious- 
ness oilwmnoaity  is  the  next  in  the  extent  of  its  diffusion.     There  is  good 
reason  to  believe,  from  observation  of  their  habits,  that  many  animals  are 
susceptible  of  the  influence,  and  are  directed  by  the  guidance  of  light, 
whose  organs  are  not  adapted  to  receive  true  visual  impressions,  or  to 
form  optical  images;  and  such  would  seem  to  be  the  function  of  the  red 
spots  frequently  seen  on  prominent  parts  of  Animalcules,  the  lower  Arti- 
culata  and  Molluscs,  and  even  of  some  Radiata.     Wherever  these  are  of 
nfficient  size  to  allow  their  structure  to  be  examined,  they  are  found  to  be 
largely  supplied  with  nerves,  but  to  be  destitute  of  the  peculiar  organiza- 
tion which  alone  constitutes  a  true  eye.     The  sense  of  Taste  may  be  con- 
sidered as  a  refined  modification  of  that  of  touch;  and  it  is  probable  that 
this  exists  very  low  down  in  the  animal  scale,  being  obviously  of  great 
importance  in  the  selection  of  food;  but  the  Anatomist  has  no  means  of 
ascertaining  where  this  refinement  exists,  and  where  it  does  not,  since  the 
organs  of  taste  and  touch  are  so  similar.     The  sense  of  Hearing  does  not 
seem  to  be  distinctly  present  among  the  Invertebrate  animals,  except  in 
SQch  88  approach  most  nearly  to  the  Vertebrata;  it  is  not  improbable,  how- 
ever,  that  sonorous  vibrations  may  produce  an  effect  upon  the  system  of 
those  animals  which  do  not  receive  them  as  sound;  and  this  would  appear, 
fa>m  a  fact  subsequently  to  be  mentioned  (§  320),  to  be  not  improbably  the 
ease  with  regard  especially  to  aquatic  animals.     The  sense  of  Smell,  which 
is  concerned  with  one  of  the  least  general  properties  of  matter,  appears  to 
be  the  least  widely  diffused  among  the  whole;  being  only  possessed  in  any 
Ugh  degree  by  Vertebrated  animals,  and  being  but  feebly  present  in  a  large 
proportion  of  these. 

M9.  Besides  tlie  various  kinds  of  sensibility  which  have  been  just  enu- 
■erated,  there  are  others  which  are  ordinarily  associated  together,  along 
with  the  sense  of  material  resistance  (and  its  several  modifications),  and  the 
sense  of  temperature,  under  the  head  of  Common  Sensation;  but  several  of 
them,  especially  those  which  originate  in  the  body  itself,  can  scarcely  be 
tegarded  in  this  light.  Such  are  the  feelings  of  Hunger  and  Thirst;  that  of 
Nausea;  that  of  distress  resulting  from  suspended  aeration  of  the  blood;  that 
•f  "  sinking  at  the  stomach,"  as  it  is  vulgarly  but  expressively  described, 
29 
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which  results  froni  strong  menlaJ  emotion;  lliitl  of  the  venereal  e 
and  perhaps  some  others.  Now  in  regard  to  all  these,  it  is  impossible  4 
the  present  state  of  our  knowledge  to  say,  whether  their  peculiarity  resulu 
from  the  particular  conatilulion  of  the  nerves  that  receive  and  convey  them, 
or  only  from  a  modificaiiun  in  the  impressing  causes,  and  in  the  mode  in 
which  they  operate.  Thus  we  have  no  evidence  that  the  nervous  fibrils, 
which  convey  from  the  lungs  the  sense  of  distress  resulting  from  deficient 
aeralioo,  may  not  be  of  a  different  character  Irotn  those  which  convey  from 
the  surface  of  ^e  air-passuges  the  sense  of  the  contact  of  a  foreign  body. 
But  as  we  know  that  all  the  Inisks,  along  whicli  these  peculiar  impressions 
travel,  do  minister  to  ordinary  sensation,  whilst  the  nerves  of  truly  speoiid 
sensation  are  not  sensible  to  common  impressions,  it  is  evident  thai  the 
probabihly  is  in  favour  of  the  correspondence  between  tlie  fibres  which 
minister  to  these  sensations,  and  those  of  the  usual  sensory  character. 
Even  for  the  sense  of  temperature,  however,  it  is  not  by  any  means  certain 
that  a  special  set  of  fibres  does  not  exist;  for  many  cases  are  on  record  in 
which  it  has  been  lost,  whilst  the  ordinary  sense  of  tact  remained;  s 
it  is  sometimes  preserved,  when  the  ansDsUieBia  is  in  other  respects  ogi 
plele. 

310.  With  regard  to  all  kinds  of  sensation  it  is  to  be  remembered, 
the  change  of  which  the  mind  is  informed  is  nof  the  change  at  the  p 
pheral  extremities  of  the  nerves,  but  the  change  communicated  to  thetf 
sorium;  hence  it  results  that  external  agencies  can  give  rise  to  no  kioM 
auiion,  which  cannot  also  be  produced  by  internal  causes,  excMf 
changes  in  the  condition  of  the  nerves  in  their  course.  This  very  freqaad 
happens  in  regard  to  (he  sensHs  of  sight  and  hearing;  flashes  of  light  b 
seen,  and  ringing  sounUs  in  the  ears  being  heard,  when  no  external  stitn 
has  produced  such  impressions.  The  production  of  odorous  and  giuta) 
sensations  from  internal  causes,  is  perhaps  less  common:  but  the  aer 
nauaea  is  more  frequently  excited  in  this  manner,  than  by  the  direct  o 
o(  the  nauseating  substance  with  the  tongue  or  fauces.  The  various  phi 
of  common  sensibility  oflen  originate  thus;  and  it  is  an  additional  eviiled 
in  favour  of  the  distinctness  of  the  fibres  which  convey  the  imprcssi»ns  of 
temperature,  that  these  are  frequently  affected, — a  person  being  sensible  of 
heal  or  of  chilliness  in  some  part  of  his  body,  without  any  real  alteration  of 
its  temperature, — whilst  there  is  no  corresponding  affection  of  the  tatiunl 
sensations.  The  most  common  of  the  internal  causes  of  these  xulijr.-lirr 
sensations  (as  they  have  been  termed,  in  contradistinction  10  the  nfijirtivf 
which  result  from  a  real  material  object,]  is  congestion  or  inflammmiun;  ^nd 
il  is  interesting  to  remark  that  this  cause,  operating  through  each  nervst 
produces  in  the  seusorium  the  changes  to  which  that  nerve  is  usually  sub- 
servient. Thus,  congestion  in  the  nerves  of  common  sensation  gives  rias 
to  feelings  of  pain  or  uneasmess;  but  when  occurring  in  the  retina  and  optts 
nerve  it  produces  flashes  of  light;  and  in  the  auditory  nerve  it  occasions  a 
"noise  in  the  ears,"  Il  may  be  observed,  also,  of  some  external  causes, 
that  Ihey  may  excite  changes  in  die  sensorium  through  several  diffoml 
channels;  and  lliat  in  each  case  the  sensation  is  characteristic  of  the  pnrticic 
e  on  which  the  impression  is  made.  Thus  pressure,  which  pnv 
duces  through  die  nerves  of  common  sensation  the  feeling  of  rcsistanc-e,  is 
well  known  10  occasion,  whcu  exerted  on  the  eye, 
and  colours;  and,  when  made  with  some  violence  t 
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be  accomplished  in  regard  to  the  former.  The  sense  of  nausea  may  be 
easily  produced,  as  is  familiarly  known,  by  mechanical  irritation  of  the 
fauces.  The  stimulus  of  electricity  still  more  completely  possesses  the 
power  of  affecting  all  the  sensory  nerves  with  the  changes  which  are  pecu- 
fiar  to  them;  for,  by  proper  management,  an  individual  may  be  made  con- 
scious at  the  same  time  of  flashes  of  light,  of  distinct  sounds,  of  a  phosphoric 
odour,  of  a  peculiar  taste,  and  of  pricking  sensations,  all  excited  by  the  same 
cause,  the  effects  of  which  are  modified  according  to  the  respective  pecu- 
liarities of  the  instruments  through  which  it  operates.  But  although  there 
are  some  stimuli  which  can  produce  sensory  impressions  on  all  the  nerves 
of  sensation,  it  will  be  found  that  those  to  which  any  one  organ  is  peculiarly 
fitted  to  respond,  produce  little  or  no  effect  upon  the  rest.  Thus  the  ear 
cannot  distinguish  the  slightest  difference  between  a  luminous  and  a  dark 
object.  A  tuning-fork,  which,  when  laid  upon  the  ear  whilst  vibrating, 
produces  a  distinct  musical  tone,  excites  no  other  sensation  when  placed 
upon  the  eye  than  a  slight  jarring  feeling.  The  most  delicate  touch  cannot 
distinguish  a  substance  which  is  sweet  to  the  taste,  from  one  which  is 
bitter;  nor  can  the  taste  (if  the  communication  between  the  mouth  and  the 
nose  be  cut  off)  perceive  any  thing  peculiar  in  the  most  strongly-odoriferous 
bodies. 

311.  It  may  hence  be  inferred  that  no  nerve  of  special  sensation  can  by 
any  poesibility  take  on  the  function  of  another.     How  far  the  nerves  of 
ecnnmon  sensation  can,  under  any  circumstances,  perform  the  offices  usually 
delegated  to  those  of  special  sense,  we  are  not  yet  in  a  condition  to  deter- 
mine.    Comparative  Anatomy  seems  to  show  that,  in  the  lowest  animals 
in  which  the  rudiments  of  eyes  can  be  detected,  there  is  no  distinction  be- 
tween the  nerves  proceeding  to  these  organs,  and  the  rest,  and  there  would 
appear  some  ground  for  the  belief  that,  as  in  other  cases,  the  special  organs 
of  eensibility  are  gradually  elaborated,  in  ascending  the  Animal  scale,  from 
the  more  general  apparatus,  and  are  not  merely  superadded  to  it.     Hence 
we  may  conceive  the  possibility  (though  there  is  no  proof  of  the  fact)  that 
states  of  the  system  might  occur,  in  which  a  change  in  the  common  sensory 
nerves  might  produce  the  sensation  of  light,  sound,  Sic,    But  it  is  quite 
impossible  (so  far  at  least  as  our  present  knowledge  of  physical  phenomena 
permits  us  to  decide  upon  the  impossibility  of  any  thing)  that  distinct  visual 
impressions  should  be  communicated  to  a  nerve,  except  through  the  media- 
tion of  such  an  optical  instrument  as  the  eye;  or  distinct  sonorous  impres- 
lions,  except  through  such  an  acoustic  instrument  as  the  ear.     Hence  we 
must  receive  with  utter  discredit  the  wonderful  accounts  of  transference  of 
lensation,  with  which  the  credulous  public  have  been  deceived,  at  various 
times.     Still  it  may  be  objected  that,  as  we  are  so  totally  destitute  of  real 
knowledge,  as  to  the  mode  in  which  vision  is  ordinarily  produced  by  in- 
verted images  upon  the  retina,  we  have  no  right  to  assert  that  it  may  not 
tike  place  in  some  other  way;  and  perhaps  this  objection  should  lead  us  to 
consider  the  phenomenon  rather  as  extremely  improbable,  than  as  impos' 
Me,    But  the  improbability  may  be  compared  to  that  of  a  stone  ascending 
like  a  balloon,  or  a  piece  of  lead  floating  on  the  water;  for  we  have  no  more 
knowledge  of  the  ultimate  cause  of  that  which  we  term  the  force  of  Gravi- 
tition,  than  we  have  of  the  nature  of  Sensation. 

812.  The  peculiar  aptitudes  of  the  different  sensory  nerves  to  receive 
ttd  convey  impressions  of  various  kinds,  must  be  regarded  as  the  result  of 
ptiperties  inherent  in  themselves;  just  as  we  consider  the  difference  be- 
tween the  afferent  nerves  in  general,  and  the  motor  nerves,  to  be  one  be- 
longing to  their  own  constitution.     But  it  is  probable  that  there  are  also 
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different  localities  in  the  sensorium,  in  which  the  changes  to  which  they 
give  rise  are  performed.  This  may  be  judged  of  from  the  fact,  that  the 
phenomena  of  subjective  sensation  frequently  originate  in  peculiar  condi- 
tions of  the  encephalon  itself,  and  not  in  the  nervous  trunks  or  organs  of 
tense;  thus,  in  dreaming,  we  have  frequently  very  vivid  pictures  of  exter- 
nal objects  presented  to  our  minds;  and  we  sometimes  distinctly  hear  voices 
and  musical  tones,  or  have  perceptions  (though  this  is  less  common)  of 
tastes  and  odours.  The  phenomena  of  spectral  illusions  are  very  nearly 
connected  with  those  of  dreaming;  both  may  be  in  some  degree  influenced 
by  external  causes  acting  upon  the  organs  of  sensation,  which  are  misin- 
terpreted (as  it  were)  by  the  mind,  owing  to  its  state  of  imperfect  operation; 
but  both  also  may  entirely  originate  in  the  central  organs.  There  seems  to 
be  no  difference,  in  the  feelings  of  the  individual,  between  the  sensations 
thus  originating,  and  those  which  are  produced  in  the  usual  manner;  for  we 
find  that,  unless  otherwise  convinced  by  their  own  reason,  persons  who 
witness  spectral  illusions  believe  as  firmly  in  the  reality  of  the  objects  that 
come  before  their  minds,  as  if  the  images  of  those  objects  were  actually 
formed  on  their  retinae.  This  is  another  proof,  if  any  were  wanting,  that 
the  organ  of  sense,  and  the  nerve  belonging  to  it,  are  but  the  instruments  by 
which  certain  changes  are  produced  in  the  sensorium;  of  which  changes, 
and  not  of  the  immolate  impression  of  the  object,  the  sensation  really  con- 
sists. It  seems  to  be  by  an  innate  law  of  our  constitution,  that  these  subjective 
sensations,  whether  originating  in  the  central  organs,  or  in  the  course  of  the 
nervous  trunks,  should  be  referred  by  the  mind  to  the  ordinary  situations 
of  the  peripheral  terminations  of  those  nerves;  even  though  these  should 
not  exist,  or  should  be  destitute  of  the  power  of  receiving  impressions. 
Thus  after  amputations,  the  patients  are  for  some  time  afiected  with  sensa- 
tions (originating  probably  in  the  cut  extremities  of  the  nerves),  which  they 
refer  to  the  removed  extremities;  the  same  has  been  noticed  in  regard  to  the 
eye,  as  well  when  it  has  been  completely  extirpated,  as  when  its  powers 
have  been  destroyed  by  disease.  The  efiects  of  the  Taliacotian  operation 
also  exhibit  the  operation  of  this  law  in  a  curious  manner;  for,  until  the 
flap  of  skin  from  which  the  nose  is  formed  obtains  vascular  and  nervous 
connections  in  its  new  situation,  the  sensation  produced  by  touching  it  is 
referred  to  the  forehead.  Another  interesting  illustration  of  it  may  be  ob- 
tained  by  the  following  very  simple  experiment: — if  the  middle  finger  of 
either  hand  be  crossed  behind  the  fore-finger,  so  that  its  extremity  is  on  tbs 
radial  side  of  the  latter,  and  the  ends  of  the  two  fingers  thus  disposed  be 
rolled  over  a  marble,  pea,  or  other  round  body,  a  sensation  will  be  pto* 
duced,  which,  if  uncorrected  by  reason,  would  cause  the  mind  to  believe  io 
the  existence  of  two  distinct  bodies;  this  is  due  to  the  impression  heiog 
made  at  the  same  time  upon  the  radial  side  of  the  fore-finger,  and  the  ulotf 
side  of  the  middle  finger, — two  joints  which,  in  the  natural  position,  are  st 
a  considerable  distance. 

313.  The  acuteness  of  particular  sensations  is  influenced  in  a  remarktble 
degree  by  the  attention  they  receive  from  the  mind.  If  the  mind  be  en- 
tirely inactive,  as  in  profound  sleep,  no  sensation  whatever  is  produced  bf 
ordinary  impressions;  on  the  other  hand,  when  the  mind  is  from  any  ciitf* 
strongly  directed  upon  them,  impressions  very  feeble  in  themselves  pro<hio0 
sensations  of  even  painful  acuteness.  Every  one  knows  how  much  a  flif^' 
itching  of  some  part  of  the  surface  may  be  magnified  by  the  direction  of 
the  thoughts  to  it;  wliilst  as  soon  as  they  are  forced  by  some  stronirer  i** 
pression  into  another  channel,  the  irritation  is  no  longer  felu  To  tb^  ^ 
traveller  in  warm  countries,  the  shrill  but  feeble  buzz  of  a  single  mosqiii(i>* 
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sceidentany  enclosed  within  the  netting  that  surrounds  his  bed,  becomes  a 
source  of  almost  inexpressible  annoyance  when  he  is  composing  himself  to 
sleep;  and  every  one  is  aware  how  vividly  other  sounds  are  perceived,  when 
they  break  in  upon  the  stillness  of  the  night,-— being  increased  in  strength, 
not  only  by  the  contrast,  but  by  absorbing  the  whole  attention.  An  inter- 
esting experiment  is  mentioned  by  MUller,  which  shows  how  completely 
the  mind  may  be  unconscious  of  impressions  communicated  to  it  by  one 
organ  of  sense,  when  occupied,  even  without  a  distinct  effort  of  the  will, 
by  those  received  through  another.  If  we  look  at  a  sheet  of  white  paper 
through  two  differently  coloured  glasses  at  the  same  time,-— one  being  placed 
before  each  eye,  the  resulting  sensation  is  seldom  that  of  a  mixture  of  the 
eoloors;  if  the  experiment  be  tried  with  blue  and  yellow  glasses,  for  example, 
we  do  not  see  the  paper  of  an  uniform  green,  but  the  blue  is  predominant  at 
one  moment,  and  the  yellow  at  another,  or  blue  nebulous  spots  may  present 
themaeWes  on  a  yellow  field,  or  yellow  spots  on  a  blue  field.  We  perceive 
from  this  experiment,  that  the  attention  may  not  only  be  directed  to  the  im- 
pressions made  on  either  retina,  to  the  complete  exclusion  of  those  of  the 
other,  but  it  may  be  directed  to  those  made  on  particular  spots  of  either. 
This  may  be  noticed,  again,  in  the  process  by  which  we  make  ourselves 
acquainted  with  a  landscape  or  a  picture;  if  our  attention  be  directed  to  the 
whole  field  of  vision  at  once,  we  see  nothing  distinctly;  and  it  is  only  by 
abstracting  ourselves  from  the  contemplation  of  the  greater  part  of  it,  and 
directing  oor  attention  to  smaller  portions  in  succession,  that  we  can  obtain 
a  definite  conception  of  the  details.  The  same  is  the  case  in  regard  to 
auditory  impressions;  and  here  the  power  of  attention  in  causing  one  sen- 
sation or  series  of  sensations  to  predominate  over  others  which  are  really 
more  intense,  is  often  most  remarkably  manifested.  When  we  are  listening 
to  a  piece  of  music  played  by  a  large  orchestra,  for  example,  we  may 
either  attend  to  the  combined  effect  of  all  the  instruments,  or  we  may 
aingle  out  any  one  part  in  the  harmony,  and  follow  this  through  all  its 
maze*;  and  a  person  with  a  practised  ear  (as  it  is  commonly  but  erroneously 
tennedy  it  being  not  the  ear  but  the  mind  that  is  practised,)  can  even  dis- 
tiogniah  the  sound  of  the  weakest  instrument  in  the  whole  band,  and  can 
follow  its  strain  through  the  whole  performance.  This  attention  to  a  single 
dement  can  only  be  given,  however,  by  withdrawing  the  mind  from  the 
perception  of  the  rest;  and  a  musician  who  thus  listens,  will  have  very 
little  idea  of  the  rest  of  the  harmonic  parts,  or  of  the  general  effect.  In 
&ct,  when  the  mind  is  thus  directed,  by  a  strong  effort  of  the  will,  into  a 
particular  channel,  it  may  be  almost  considered  as  unconscious  quoad  any 
other  impressions. 

814.  The  effects  of  this  principle  are  manifested  in  regard  to  the  sensa- 
tions which  originate  within  the  system,  as  well  as  in  respect  to  those  which 
tie  excited  by  external  impressions.  Every  one  is  aware  how  difficult  it 
it  to  keep  the  body  perfectly  quiescent,*  especially,  when  there  is  a  par- 
lieular  motive  for  doing  so,  and  when  the  attention  is  strongly  directed  to 
lite  object.  This  is  experienced  even  whilst  a  Photogenic  likeness  is  being 
^n,  when  the  position  is  chosen  by  the  individual,  and  a  support  is 
lilted  to  assist  him  in  retaining  it;  and  it  is  still  more  strongly  felt  by  the 
Mormers  in  the  Tableaux  Vivans,  who  cannot  keep  up  the  effort  for  more 
1^  three  or  four  minutes.  Now  it  is  well  known  that,  when  the  attention 
I*  strongly  directed  to  an  entirely  different  object  (when  we  are  listening, 
^example,  to  an  eloquent  sermon,  or  an  interesting  lecture),  the  body  may 

*  Of  coarse  the  movemeats  of  respiration  and  winking  are  left  out  of  the  question. 
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remain  perfectly  motionless  for  a  much  longer  period;  the  uneasy  sensa- 
tions which  would  otherwise  have  occasioned  the  individual  to  change  his 
position,  not  being  felt:  but  no  sooner  is  the  discourse  ended,  than  a  simul- 
taneous movement  of  the  whole  audience  takes  place,  every  one  becoming 
then  conscious  of  some  discomfort,  which  he  seeks  to  relieve.  This  is  the 
case  also  in  regard  to  the  respiratory  sensation;  in  general  it  may  be  ob- 
served, that  the  usual  reflex  movements  are  not  enough  for  the  perfect  aera- 
tion of  the  blood,  and  that  a  more  prolonged  inspiration,  prompted  by  an 
uneasy  feeling,  takes  place  at  intervals;  but  under  such  circumstances  as 
those  just  alluded  to,  this  feeling  is  not  experienced  until  the  attention  ceases 
to  be  engaged  by  a  more  powerful  stimulus,  and  then  it  manifests  itself  by 
the  deep  inspirations  which  accompany,  in  almost  every  individual,  the 
general  movement  of  the  body. 

315.  It  is  curious  that  the  constant  direction  of  the  attention  to  internal 
sensations  of  a  subjective  kind,  should  sometimes  occasion  actual  disorder 
of  the  parts  to  which  these  sensations  are  referred;  and  yet  this  seems  the 
only  way  of  accounting  for  some  of  the  phenomena  of  disease.  Sometimes 
the  cause  of  the  sensation  may  exist  in  the  trunk  of  the  nerve  in  some  part 
of  its  course;  whilst  in  other  instances  it  may  be  confined  to  the  sensorium. 
Pain  of  the  testicle,  for  example,  may  be  occasioned  by  irritation  having 
its  seat  in  the  lower  part  of  the  spine,  the  organ  itself  being  perfectly  sound; 
yet  if  that  pain  continue,  it  may  become  diseased.  The  following  are  some 
very  interesting  remarks  on  this  subject,  from  the  able  pen  of  Dr.  Holland.* 
**  There  is  cause  to  believe  the  action  of  the  heart  to  be  quickened  or  other- 
wise disturbed,  by  the  mere  centering  of  consciousness  upon  it,  without  any 
emotion  or  anxiety."  This  is  especially  the  case  where  the  pulsations  are 
irregular,  or  are  so  loud  as  to  be  audible.  **  The  same  may  be  said  of  the 
parts  concerned  in  respiration.  If  this  act  be  expressly  made  the  subject 
of  consciousness,  it  will  be  felt  to  undergo  some  change;  generally  to  be 
retarded  at  first,  and  afterwards  quickened."  **  The  act  of  swallowing  is 
manifestly  rendered  more  difficult  by  the  attention  being  fixed  upon  it;  and 
the  same  cause  will  often  be  found  to  render  articulation  less  distinct,  espe- 
cially when  there  exists  already  some  impediment  to  the  function.  A  similar 
direction  of  consciousness  to  the  region  of  the  stomach  creates  in  this  part 
a  sense  of  weight,  oppression,  or  other  less  definite  uneasiness;  and,  when 
the  stomach  is  full,  appears  greatly  to  disturb  the  due  digestion  of  the  food. 
The  state  and  action  of  the  bowels  are  much  influenced  by  the  same  cause." 
A  peculiar  sense  of  weight  and  restlessness,  approaching  to  cramp,  is  felt  in 
a  limb,  to  which  the  attention  is  particularly  directed.  *'  The  attention 
concentrated,  for  so  by  an  eflbrt  of  will  it  may  be,  on  the  head  or  sensorium, 
gives  certain  feelings  of  tension  and  uneasiness,  caused  possibly  by  some 
change  in  the  circulation  of  the  part;  though  it  may  be  an  eflect,  however 
difficult  to  be  conceived,  on  the  nervous  system  itself.  Persistence  in  this 
eflbrt,  which  is  seldom  indeed  possible  beyond  a  short  time  without  confa* 
sion,  produces  results  of  much  more  complex  nature,  and  scarcely  to  be 
defined  by  any  common  terms  of  language."  These  phenomena  have  an 
evident  affinity  with  those  of  several  morbid  conditions.  Thus  the  hjrpo* 
chondriac  patient  **  in  fixing  his  consciousness  with  morbid  intentnese  on 
certain  organs,  creates  not  merely  disordered  sensations,  but  often  also 
disordered  actions  in  them.  There  may  be  palpitation  of  the  heart,  hurried 
or  choked  respiration,  flatulence  and  other  distress  of  stomach,  irritation  of 
the  bladder;  all  arising  from  this  morbid  direction  of  attention  to  the  organs 
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in  question."  In  hysteria,  again,  **  the  instances  are  frequent  of  attacks 
broQght  on  by  the  mere  expectation  of  them;  or  by  imitation;  or  occasionally 
even  by  a  sort  of  morbid  solicitation  of  the  organs  to  these  singular  actions." 
These  facts  go  a  long  way  to  explain  the  phenomena  of  Animal  Magnetism, 
many  of  which  are  obviously  to  be  referred  to  the  exaggerated  operation  of 
the  same  principle. 

We  now  proceed  to  consider  in  more  detail  the  functions  of  the  several 
Organs  of  the  Senses,  and  shall  commence  with  that  of  the  most  general 
character. 


I 


Sense  of  Touch, 

316.  By  the  sense  of  Touch,  as  commonly  understood,  is  meant  that 
modification  of  the  common  sensibility  of  the  body,  of  which  the  cutaneous 
surface  is  the  especial  seat.  It  derives  its  peculiar  powers  simply  from  the 
large  amount  of  sensory  nervous  fibres,  which  are  distributed  in  its  sub- 
stance; and  especially  through  the  terminations  (or  rather  the  origins)  of 
these  in  the  jMipi/to,  which  are  little  elevations  of  the  surface  of  the  cutis, 
easily  perceptible  by  the  aid  of  a  lens,  and  each  chiefiy  composed  of  a  vas- 
cular plexus  surrounding  the  extremity  of  the  nervous  fibril.  The  number 
of  these  papille  within  any  given  area,  pretty  closely  corresponds  with  the 
degree  of  sensibility  of  that  part  of  the  surface;  thus  we  find  them  most 
abundant  on  the  hands,  especially  towards  the  points  of  the  fingers,  and  on 
the  lips  and  tongue.  In  some  animals,  especially  those  of  the  Feline  tribe, 
the  long  vibrissm  (commonly  termed  whiskers)  evidently  minister  to  sensa- 
tion; and  it  has  been  demonstrated  that  their  pulps  are  largely  supplied 
with  nerves  from  the  fifth  pair.  Some  interesting  observations  have  been 
made  by  Prof.  Weber  on  the  sensibility  of  difierent  parts  of  the  skin.  His 
mode  of  ascertaining  this  was  to  touch  the  surface  with  the  legs  of  a  pair 
of  compasses,  the  points  of  which  were  provided  with  pieces  of  cork;  the 
eyes  being  closed  at  the  time,  the  legs  were  approximated  to  each  other, 
nntil  they  were  brought  within  the  smallest  distance  at  which  they  could 
be  felt  to  be  distinct  from  one  another.  The  following  are  some  of  the 
results  of  the  experiments.  With  the  extremities  of  the  fingers  and  the 
point  of  the  tongue,  the  distance  could  be  distinguished  most  easily  in  the 
bngitndinal  direction;  on  the  dorsum  of  the  tongue,  the  face,  neck,  and  ex- 
tremities, the  distance  could  be  recognised  best  when  the  arms  were  placed 
tiansTersely. 

Point  of  middle  finger  •  i  of  a  line 

Point  of  tongue  -       -  ^  of  a  line 

Pahnar  sar&ce  of  third  finger  1  line 

Hed  surface  of  lips       •       -  2  lines 
Pahnarsarfaceoi  middle  finger  2  — 

Doraal  sarfoce  of  third  finger  3  — 

Tip  of  the  nose     -       -       -  3  — 

Donnm  and  edge  of  tongue  4  — 

Ptrt  of  lips  covered  by  skin  4  — 

Pilmofhand        -       -       -  5  — 

Skin  of  cheek       -       -       -  5  — 

Kwiwnily  of  great  toe  -  5  — 

HudpaiatA  -       -       -  6  — 

Poftnl  surface  of  forefinger  7  ~ 

wwnim  of  hand    -       -       -  8  — 

It  it  curious  that  the  distance  between  the  legs  of  the  compasses  seemed  to 
be  greater  (although  really  so  much  less),  when  it  was  felt  by  the  more 
Knsitive  parts,  than  when  it  was  estimated  by  parts  of  less  distinct  sensi- 


Mucous  membrane  of  gums     9  lines 

Lower  part  of  forehead  10  — 

Lower  part  of  occiput  -  12  — 

Back  of  hand      -        -  -  14  — 

Neck,  under  lower  jaw  -  15  — 

Vertex         -        -        -  -  15  — 

Skin  over  Patella       -  -  16  — 

Sacrum       -  -  18  — : 

acromion  -  18  — 

Dorsum  of  loot  -  -  18  — 
Skin  over  sternum  -  -  20  — 
Skin  beneath  occiput  -  24  — 
Skin  over  spine,  in  back  -  30  ~ 
Middle  of  the  arm  -  -  30  — 
thigh  -  30  — 
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bility.  As  a  general  fact,  it  seems  that  the  sensibility  of  the  trunk  ii 
greater  on  the  median  line,  both  before  and  behind,  and  less  at  the  sides. 
Differences  of  temperature,  and  the  weight  of  bodies,  were,  according  to 
Prof.  Weber*s  observations,  most  accurately  recognised  at  the  parts  which 
were  determined  to  be  most  sensible  by  the  foregoing  method  of  inquiry. 

317.  As  already  stated  (§  308),  the  only  idea  communicated  to  our  minds 
by  the  sense  of  Touch,  when  exercised  in  its  simplest  form,  is  that  of 
Resistance;  when  the  sensory  surface  and  the  substance  touched  are  made 
to  change  their  place  in  regard  to  each  other;  we  obtain  the  additional  uotion 
of  Extension  or  Space.  By  the  various  degrees  of  resistance  which  the 
sensory  surface  encounters,  we  estimate  the  hardness  or  softness  of  the 
body;  but  in  this  we  are  assisted  by  the  muscular  sense  (§  257),  which 
makes  us  conscious  of  the  degree  of  pressure  we  are  employing.  By  the 
impressions  made  upon  the  papillae  during  the  movement  of  the  tactile  sur- 
face over  that  which  is  being  examined,  the  roughness,  smoothness,  or 
other  peculiar  characters  of  the  latter  are  estimated.  Our  knowledge  of 
form^  however,  is  a  very  complex  process,  requiring  not  merely  the  exercise 

of  the  sense  of  touch,  but  also  great  attention  to  the  muscular  sensations.  It 
is  chiefly,  as  formerly  remarked,  in  the  variety  of  movements  of  which  the 
hand  of  Man  is  capable,  that  it  is  superior  to  that  of  any  other  animal;  and 
it  cannot  be  doubted  that  this  affords  a  very  important  means  of  acq  airing 
information  in  regard  to  the  external  world,  and  especially  of  correcting 
many  vague  and  fallacious  notions  which  we  should  derive  from  the  sense 
of  sight  if  used  alone.  On  the  other  hand,  it  must  be  confessed,  that  oar 
knowledge  would  have  a  very  limited  range,  if  we  could  acquire  no  ideas, 
except  through  this  sense.  It  is  probably  on  the  sensations  commanicaled 
through  the  touch,  that  the  idea  of  the  material  world,  as  something  external 
to  ourselves,  chiefly  rests,  but  this  idea  is  by  no  means  a  direct  result  of 
these  sensations,  being  rather  an  instinctive  or  intuitive  perception  excited 
by  them.  Every  person  who  directs  the  least  attention  to  the  subject,  must 
perceive  how  completely  different  are  those  notions  of  the  primary  or  ele- 
mentary properties  of  matter,  which  we  base  upon  the  information  thus 
communicated  to  us,  from  the  sensations  themselves;  and,  as  Dr.  Alison 
has  justly  remarked,  '*a  decisive  proof  of  this  being  the  true  representation 
of  this  part  of  our  mental  constitution,  is  obtained  by  attending  to  the  idea 
of  extension  or  space;  which  is  undoubtedly  formed  during  the  exercise  of 
the  sense  of  touch;  and  is  no  sooner  formed  than  it  *  swells  in  the  human 
mind  to  Infinity,'  to  which  certainly  no  human  sensation  can  bear  any  re- 
semblance." 

318.  That  the  conditions  under  which  certain  of  the  modifications  of 
common  sensation  operate,  are  in  some  respects  different  from  those  of 
ordinary  Touch,  is  very  easily  shown.  Thus,  the  feeling  of  tickling  li 
excited  most  readily  in  parts  which  have  the  least  tactual  sensibility,— the 
armpits,  flanks,  and  soles  of  the  feet;  whilst  in  the  points  of  the  fingers  it 
cannot  be  excited.  Moreover,  the  nipple  is  very  moderately  endowed  with 
ordinary  sensibility;  yet  by  a  particular  kind  of  irritation,  a  very  strong 
feeling  may  be  excited  through  it.  Again,  in  regard  to  temperature,  it  is 
remarked  by  Weber  that  the  left  hand  is  more  sensitive  than  the  right; 
although  the  sense  of  touch  is  undoubtedly  the  most  acute  in  the  latter.  He 
states  that,  if  the  two  hands,  previously  of  the  same  temperature,  be  planged 
into  separate  basins  of  warm  water,  that  in  which  the  left  hand  is  immened 
will  be  felt  as  the  warmest,  even  though  its  temperature  is  somewhat  lower 
than  that  of  the  other.  In  regard  to  the  sensations  of  heat  and  cold  he  points 
out  another  curious  fact,— 4hat  a  weaker  impression  made  on  a  largo  surfaoe 
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seems  more  powerful  than  a  stronger  impression  made  on  a  small  surface: 
thus,  if  the  forefinger  of  one  hand  be  immersed  in  water  at  104°,  and  the 
whole  of  the  other  hand  be  plunged  in  water  at  102°,  the  cooler  water  will 
be  thought  the  warmer;  whence  the  well  known  fact,  that  water  in  which  a 
finger  can  be  held,  will  scald  the  whole  hand.  Hence  it  also  follows,  that 
minute  differences  in  temperature,  which  are  imperceptible  to  a  single  finger, 
are  appreciated  by  plunging  the  whole  hand  into  the  water;  in  this  manner, 
a  difference  of  one-third  of  a  degree  may  readily  be  detected,  when  the  same 
hand  is  placed  successively  in  two  vessels.  The  judgment  is  more  accurate 
when  the  temperature  is  not  much  above  or  below  the  usual  heat  of  the 
body;  just  as  sounds  are  best  discriminated  when  neither  very  acute  nor 
very  grave. 

319.  The  improvement  in  the  sense  of  Touch,  in  those  persons  whose 
dependence  upon  it  is  increased  by  the  loss  of  other  senses,  is  well  known; 
this  is  doubtless  to  be  in  part  attributed  (as  already  remarked)  to  the  increased 
attention  which  is  given  to  the  sensations,  and  in  part  to  the  increased  de- 
velopment of  the  organ  itself,  resulting  from  the  frequent  use  of  it.     The 
case  of  Saunderson,  who,  although  he  lost  his  sight  at  two  years  old,  be- 
came Professor  of  Mathematics  at  Cambridge,  is  well  known;  amongst  his 
most  remarkable  faculties,  was  that  of  distinguishing  genuine  medals  from 
imitations,  which  he  could  do  more  accurately  than  many  connoisseurs  in 
full  possession  of  their  senses.     The  process  of  the  acquirement  of  the 
power  of  recognizing  elevated  characters  by  the  touch,  is  a  remarkable 
example  of  this  improveability.     When  a  blind  person  first  commences 
learning  to  read  in  this  manner,  it  is  necessary  to  use  a  large  type;  and  every 
individual  letter  must  be  felt  for  some  time,  before  a  distinct  idea  of  its  form 
is  acquired.     After  a  short  period  of  diligent  application,  the  individual  be- 
comes able  to  recognize  the  combinations  of  letters  in  words,  without  form- 
ing a  separate  idea  of  each  letter,  and  can  read  line  after  line,  by  passing  the 
finger  over  each,  with  considerable  rapidity.    Now  when  this  power  is  once 
thoroughly  acquired,  it  is  found  that  the  size  of  the  type  may  be  gradually 
diminished;  and  this  seems  to  indicate,  that  the  sensations  themselves  are 
rendered  more  acute,  by  the  frequent  application  of  them  in  this  direction. 
As  an  instance  of  the  correct  notions  whicli  may  be  conveyed  to  the  mind, 
of  the  forms  and  surfaces  of  a  great  variety  of  objects,  and  of  the  sufliciency 
of  these  notions  for  accurate  comparison,  the  Author  may  mention  the  case 
of  a  blind  friend  of  his  own,  who  has  acquired  a  very  complete  knowledge 
of  Conchology,  both  recent  and  fossil;  and  who  is  not  only  able  to  recognize 
every  one  of  the  numerous  specimens  in  his  own  Cabinet,  but  to  mention 
ike  nearest  alliances  of  a  Shell  previously  unknown  to  him,  when  he  has 
thoroughly  examined  it  by  his  touch.    Many  instances  are  on  record  of  the 
ttqairement,  by  the  blind,  of  the  power  of  distinguishing  the  colours  of 
surfaces  which  were  similar  in  other  respects;  and,  however  wonderful  this 
nay  seem,  it  is  by  no  means  incredible.     For  it  is  to  be  remembered  that 
the  difference  of  colour  depends  upon  the  position  and  arrangement  of  the 
particles  composing  the  surface,  which  render  it  capable  of  reflecting  one 
ny  whilst  it  absorbs  all  the  rest;  and  it  is  quite  consistent  with  what  we 
know  from  other  sources,  to  believe  that  the  sense  of  touch  may  become  so 
Rfined,  as  to  communicate  a  perception  of  such  differences. 

320.  The  examples  of  peculiar  acuteness  of  this  sense,  which  we  occa- 
sionally meet  with  among  the  lower  animals,  are  very  interesting  when 
viewed  in  connection  with  its  improveability  in  Man.  It  was  found  by 
Bpallanzani,  that  Bats,  when  deprived  of  sight,  and  (as  far  as  possible)  of 
l^ng  and  smelling  also,  still  flew  about  with  equal  certainty  and  safety, 
30 
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avoiding  every  obstacle,  passing  through  passages  only  just  large  enough 
to  admit  them,  and  flying  about  places  previously  unknown,  with  the  most 
unerring  accuracy,  and  without  coming  into  collision  with  the  objects  near 
which  they  passed.  He  also  stretched  threads  in  various  directions  across 
the  apartment,  with  the  same  result.  So  astonished  was  he  at  these  curious 
facts,  that  he  was  led  to  attribute  the  phenomenon  to  the  possession  of  a 
sixth  sense,  unknown  to  Man.  Cuvier  was  the  first  to  appreciate  the  real 
value  of  these  experiments,  as  affording  a  proof  of  the  existence  of  a  vast 
expansion  of  the  most  exquisite  tactile  sensibility,  over  the  whole  surface  of 
the  flying  membrane;  the  naked  surface  and  delicate  structure  of  which  ap- 
pear well  adapted  to  constitute  the  seat  of  so  important  a  function.  From 
this  view,  therefore,  it  would  appear  that  it  is  by  means  of  the  pulsation  of 
the  wings  on  the  air,  that  the  propinquity  of  solid  bodies  is  perceived, 
through  the  manner  in  which  the  air  reacts  on  their  surface.  It  is  curious 
that  the  instance  which  (so  far  as  we  at  present  know)  is  most  analogous  to 
this,  should  be  met  with  among  the  inhabitants  of  the  deep.  It  is  a  fact 
well  known  to  Whale-fishers,  especially  to  those  who  pursue  the  Sperma- 
ceti Whale,  that  these  animals  have  the  power  of  communicating  with  each 
other  at  great  distances.  It  has  often  been  observed,  for  example,  that, 
when  a  straggler  is  attacked,  at  the  distance  of  several  miles  from  a  shoal,  a 
number  of  its  fellows  bear  down  to  its  assistance,  in  an  almost  incredibly 
short  space  of  time.  It  can  scarcely  be  doubted,  then,  that  the  communica- 
tion must  be  made  through  the  medium  of  the  vibrations  of  the  water, 
excited  by  the  stmggles  of  the  animal,  or  perhaps  by  some  peculiar  move- 
ments especially  designed  for  this  purpose,  and  propagated  through  the 
fluid  to  the  large  cutaneous  surface  of  the  distant  Whales;  and  this  idea  is 
fully  confirmed  by  the  fact,  that  the  nerves  which  proceed  to  the  skin,  pass 
through  the  inner  layers  of  blubber  with  scarcely  any  subdivision,  but 
spread  out  into  a  network  of  extreme  minuteness,  as  soon  as  they  arrive  at 
the  surface. 

Sense  of  Taste. 

321.  That  this  sense  may  be  really  considered  as  a  peculiar  modification 
of  that  of  Touch,  appears  from  several  considerations.  In  the  first  place, 
the  actual  contact  of  the  object  of  sense,  with  the  organ  through  which  the 
impression  is  received,  is  here  necessary;  and  this  is  the  case  in  regard  to 
no  other  sense.  Moreover  the  intimate  structure  of  the  organ  is  nearly  the 
same  in  both  instances.  Again,  it  appears  from  the  considerations  formerly 
alluded  to  (§  228),  that  there  is  no  special  nerve  of  taste;  the  gustative  im- 
pressions made  upon  the  front  of  the  tongue  being  conveyed  by  the  lingual 
branch  of  the  fifth  pair;  whilst  those  made  upon  the  back  of  the  organ  are 
conveyed  by  the  glosso-pharyngeal.    The  first  of  these  nerves  also  ministers 


although 

them,  according  to  their  differences  of  form  and  situation,  there  is  no  defi- 
nite physiological  evidence  that  they  possess  corresponding  varieties  of 
endowment,  although  this  is  quite  possible.     As  a  general  rule,  it  is  a  neces- 

•  Indeed  it  may  be  questioned  whether  the  glosso-pharynpeal  Ls  really  a  nerve  of 
tasU  at  all;  since  the  experimeni*  which  would  indicaic  ihai  ii  is  so  may  be  explained 
upon  the  supposition  thai  nausea,  rather  than  real  ^usiaiive  sensibility,  was  induced 
by  the  substances  applied  to  the  tongue  after  division  olthe  lingual  branch  of  the  fi  Ah 
pair. 
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sarj  condition  of  the  sense  of  taste,  that  the  object  should  either  be  in  a  state 
of  solution,  or  should  be  soluble  in  the  moisture  covering  the  tongue;  if  this 
be  not  the  case,  or  if  the  tongue  be  dry,  a  simple  feeling  of  contact  is  all 
that  is  produced.  As  in  the  case  of  touch,  the  idea  of  the  character  of  the 
sapid  body  is  very  imperfect,  unless  it  is  made  to  move  over  the  gustative 
surface;  and  thus  the  taste  is  very  much  heightened  by  the  compression  and 
friction  of  the  substance  between  the  tongue  and  the  palate.  From  all  these 
circumstances  it  appears  indisputable,  that  a  very  strong  analogy  exists 
between  Taste  and  Touch;  indeed  it  may  be  questioned  whether  they  are 
not  in  reality  more  closely  allied,  than  is  the  sense  of  Temperature  with  that 
of  Resistance. 

322.  Although  the  tongue  seems  to  be  the  chief  seat  of  Gustative  sensi- 
bility, yet  this  is  also  possessed,  though  in  a  less  degree,  by  the  palate. 
But  it  is  to  be  remarked  that  the  sensations  produced  by  most  sapid  sub- 
stances are  of  a  complex  kind;  and  are  in  great  part  due  to  the  organ  of 
Smell.    Of  this  any  one  may  convince  himself,  by  closing  the  nostrils,  and 
inspiring  and  expiring  through  the  mouth  only,  when  holding  in  the  mouth, 
or  even  rubbing  between  the  tongue  and  the  palate,  some  sapid  substance; 
of  which  liie  taste  is  then  scarcely  recognised,  although  it  is  immediately 
perceived,  when  its  effluvia  are  drawn  into  the  nose.     It  is  well  known  too, 
that,  when  the  sensibility  of  the  Schneiderian  membrane  is  blunted  by  in- 
^ammation  (as  in  an  ordinary  cold  in  the  head),  the  power  of  distinguishing 
flavours  is  very  much  diminished.     In  fact  some  physiologists  are  of  opinion 
that  all  our  knowledge  of  ihejiavour  of  sapid  substances  is  received  through 
the  Smell;  and  this  is  not  improbably  true:  but  it  is  to  be  remembered,  that, 
besidesyKnvotfr,  a  sapid  body  may  excite  various  other  sensations,  as  those 
of  irritation  and  pungency;  and  of  these  it  seems  to  be  the  true  function  of 
the  sensory  surface  of  the  mouth  to  take  cognizance.     Such  sensations  are 
evidently  not  far  removed  from  those  of  ordinary  touch;  and  correspond 
with  those  which  may  be  excited  in  the  nostrils  through  the  medium  of  the 
fifth  pair.  '  Taken  in  its  ordinary  compound  acceptation,  the  sense  of  Taste 
has  for  its  object  to  direct  us  in  the  choice  of  food,  and  to  excite  the  flow  of 
the  mucus  and  saliva,  which  are  destined  to  aid  in  the  preparation  of  the 
food  for  Digestion.     Among  the  lower  Animals,  the  instinctive  perceptions 
connected  with  this  sense  are  much  more  remarkable  than  our  own;  thus  an 
omnivorous  Monkey  will  seldom  touch  fruits  of  a  poisonous  character, 
although  their  taste  may  be  agreeable;  and  animals  whose  diet  is  restricted 
10  some  one  kind  of  food  will  decidedly  reject  all  others.     As  a  general  rule 
it  may  be  stated  that  substances  of  which  the  taste  is  agreeable  to  us  are 
useful  in  our  nutrition;  and  vice  versa:  but  there  are  many  signal  exceptions 
to  this. 

323.  Like  other  senses,  that  of  Taste  is  capable  of  being  rendered  more 
Kote  by  education;  and  this  on  the  principles  already  laid  down  in  regard 
to  touch.  The  experienced  wine-taster  can  distinguish  differences  in  age, 
parity,  place  of  growth,  &c.,  between  liquors  that  to  ordinary  judgments 
ve  alike;  and  the  epicure  can  give  an  exact  determination  of  the  spices 
that  are  combined  in  a  particular  sauce,  or  of  the  manner  in  which  the 
uiimal,  on  whose  flesh  he  is  feeding,  was  killed.  As  in  the  case  of  other 
•wwcs,  moreover,  impressions  made  upon  the  sensory  surface  remain  there 
for  a  certain  period;  and  this  period  is  for  the  most  part  longer  than  ihat 
which  is  required  for  the  departure  of  the  impressions  made  upon  the  eye, 
the  ear,  or  the  organ  of  smell.  Every  one  knows  how  long  the  taste  of 
•ome  powerful  substances  remains  in  the  mouth;  and  even  of  those  which 
t&ake  less  decided  impressions,  the  sensation  remains  to  such  a  degree,  that 
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it  is  difficult  to  compsire  them  at  short  intervals.  Hence  if  a  person  he 
blindfolded,  and  be  made  to  taste  substances  of  distinct  but  not  widely  dif- 
ferent flavours  (such  as  various  kinds  of  wine  or  of  spirituous  liquors),  one 
after  another  in  rapid  succession,  he  soon  loses  the  power  of  discriminating 
between  them.  In  the  same  manner,  the  difficulty  of  administering  very 
disagreeable  medicines  nlay  be  sometimes  got  over,  by  either  previously 
giving  a  powerful  aromatic,  or  combining  the  aromatic  with  the  medicine; 
its  strong  impression  in  both  cases  preventing  the  unpleasant  taste  from 
exciting  nausea. 

Sense  of  Smell. 

324.  Of  the  nature  of  odorous  emanations,  the  Natural  Philosopher  is  so 
completely  ignorant,  that  the  Physiologist  cannot  be  expected  to  give  a 
de6nite  account  of  the  mode  in  which  they  produce  sensory  impressions. 
Although  it  may  be  surmised  that  they  consist  of  particles  of  extreme  mi- 
nuteness, dissolved  as  it  were  in  the  air,  and  although  this  idea  seems  to 
derive  confirmation  from  the  fact  that  most  odorous  substances  are  volatile, 
and  vice  vers&, — yet  the  most  delicate  experiments  have  failed  to  discover 
any  diminution  in  weight,  in  substances  that  have  been  impregnating  with 
their  effluvia  a  large  quantity  of  air  for  several  years  (§  104,  note)%  and 
there  are  some  volatile  fluids,  such  as  water,  which  are  entirely  inodorous. 
The  Schneiderian  or  Pituitary  membrane  is  the  seat  of  the  sense  of  smell; 
but  it  is  probable  that  every  part  of  it  is  not  equally  endowed  with  the 
faculty  of  distinguishing  odours^  which  is  a  very  diflferent  power  from  that 
of  becoming  sensible  of  irritation  from  them.  The  olfactory  nerves  can- 
not be  traced  to  the  membrane  covering  the  middle  and  inferior  spongy 
bones,  or  to  that  which  lines  the  different  sinuses,  these  parts  of  the  surface 
being  supplied  by  the  fifth  pair  only:  and  it  is  a  matter  of  common  expe- 
rience, that  we  cannot  distinguish  faint  odours,  unless,  by  a  peculiar  inspi- 
ratory effort,  we  draw  the  air  charged  with  them  to  the  upper  part  of  the 
nose.  In  animals  living  in  the  air,  it  is  a  necessary  condition  of  the  exer- 
cise of  the  sense  of  smell,  that  the  odorous  matter  should  be  transmitted  by 
a  respiratory  current  through  the  nostrils;  and  that  the  membrane  lining 
these  should  be  in  a  moist  state.  Hence,  by  breathing  through  the  mouth, 
we  may  avoid  being  affected  by  odours,  even  of  the  strongest  and  most 
disagreeable  kind;  and  in  the  first  stage  of  a  catarrh,  when  the  ordinary 
mucous  secretion  is  suspended,  the  sense  of  smell  is  blunted  from  this 
cause,  as  it  afterwards  is  from  the  excess  in  the  quantity  of  the  fluid,  which 
prevents  the  odoriferous  effluvia  from  coming  into  immediate  relation  with 
the  sensory  extremities  of  the  nerves.  Hence  we  may  easily  comprehend, 
that  section  of  the  fifth  pair,  which  exercises  a  considerable  control  over 
the  secretions,  will  greatly  diminish  the  acuteness  of  the  smell;  and  it  will 
have  the  further  effect  of  preventing  the  reception  of  any  impressions  of 
irritation  from  acrid  vapours,  which  are  entirely  different  in  their  character 
from  true  odorous  impressions,  and  which  are  not  transmitted  through  the 
olfactory  nerve  (§  220).  The  nasal  passages  may  indeed  be  considered  as 
having,  in  the  air-breathing  Vertebrata,  two  distinct  offices;  they  constitute 
the  organ  of  smell,  through  the  distribution  of  the  olfactory  nerve  upon  a 
part  of  their  surface;  but  they  also  constitute  the  portals  of  the  respiratory 
organs,  having  for  their  office  to  take  cognisance  of  the  aeriform  matter 
which  enters  them,  and  to  give  warning  of  that  which  would  be  injurious; 
this  latter  function  is  performed  by  the  fifth  pair,  as  it  is  by  the  par  vagum 
in  the  glottis.     It  is  through  this  nerve  that  the  act  of  sneezing  is  excitable; 
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the  evident  purpose  of  which  is  the  ejection  of  a  strong  blast  of  air  through 
the  nasal  passages,  in  such  a  manner  as  to  drive  out  any  offending  matter 
they  may  contain. 

325.  The 'importance  of  the  sense  of  smell  among  many  of  the  lower 
animals,  in  guiding  them  to  their  food,  or  in  giving  them  warning  of  danger, 
and  also  in  exciting  the  sexual  feelings,  is  well  known.     To  Man  its  utility 
is  very  subordinate  under  ordinary  circumstances;  but  it  may  be  greatly 
increased  when  other  senses  are  deficient.     Thus,  in  the  well-known  case 
of  James  Mitchell,  who  was  deaf,  blind,  and  dumb,  from  his  birth,  it  was 
the  principal  means  of  distinguishing  persons,  and  enabled  him  at  once  to 
perceive  the  entrance  of  a  stranger.     It  is  recorded  that  a  blind  gentleman, 
who  had  an  antipathy  to  cats,  was  possessed  of  a  sensibilty  so  acute  in  this 
respect,  that  he  perceived  the  proximity  of  one  that  had  been  accidentally 
shot  up  in  a  closet  adjoining  his  room.  Among  Savage  tribes,  whose  senses 
are  more  cultivated  than  those  of  civilized  nations,  more  direct  use  being 
made  of  the  powers  of  observation,  the  scent  is  almost  as  acute  as  in  the 
lower  Mammalia;  it  is  asserted  by  Humboldt  that  the  Peruvian  Indians  in 
the  middle  of  the  night  can  thus  distinguish  the  different  races, — whether 
European,  American  Indian,  or  Negro.     The  agreeable  or  disagreeable 
character  assigned  to  particular  odours,  is  by  no  means  constant  amongst  dif- 
ferent individuals.     Thus,  Miiller  remarks  that  to  many  persons,  as  to  him- 
self, mignonette  does  not  smell  very  sweet,  but  rather  herb-like;  and  that 
the  smeil  of  burnt  horn,  which  is  generally  much  disliked,  is  thought 
agreeable  by  some.     Many  of  the  lower  animals  pass  their  whole  lives  in 
the  midst  of  odours,  which  are  to  Man  (in  his  civilized  condition  at  least) 
in  the  highest  degree  revolting;  and  will  even  refuse  to  touch  food  until  it 
is  far  advanced  in  putridity.     It  more  frequently  happens  in  regard  to 
odours  and  savours,  than  with  respect  to  other  sensory  impressions,  that 
habit  makes  that  agreeable,  and  even  strongly  relished,  which  was  at  first 
avoided;  the  taste  of  the  epicure  for  game  that  has  acquired  the  fumet^ — 
for  olives, — for  assafcetida,  &c.  are  instances  of  this.     As  to  the  length  of 
time  during  which   impressions   made  upon  the  organ  of  smell  remain 
upon  it,  no  certain  knowledge  can  be  obtained.     It  is  diflicult  to  say  that 
the  effluvia  have  been  completely  removed  from  the  nasal  passages;  since 
it  is  not  improbable  that  the  odorous  particles  (supposing  such  to  exist) 
are  absorbed  or  dissolved  by  the  mucous  secretion;  it  is  probably  in  this 
manner  that  we  may  account  for  the  fact,  well  known  to  every  medical  man, 
that  the  cadaverous  odour  is  frequently  experienced  for  days  after  a  post- 
mortem examination.* 

Sense  of  T^sion. 

826.  The  objects  of  this  sense  are  bodies  which  are  either  in  themselves 
Wmous,  or  which  become  so  by  reflecting  the  light  that  proceeds  from 
others.  Whether  their  light  is  transmitted  by  the  actual  emission  of  rays, 
or  by  the  propagation  of  undulations  analogous  to  those  of  sound,  is  a  ques- 
tion at  present  keenly  debated  amongst  Natural  Philosophers;  but  it  is  of 
Gttle  consequence  to  the  Physiologist  which  is  the  true  solution;  since  it 
M  only  with  the  laws  which  actually  regulate  the  transmission  of  light, 
^t  be  is  concerned.  These  laws  it  may  be  desirable  here  briefly  to 
Jwapiuilate. 

•  This  may  partly  be  attributed  also  to  the  effluvia  adhering  to  the  dress.    It  has 
BCen  remarked  that  dark  cloths  retain  these  more  strongly  than  light. 
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327.  Every  point  of  a  luminous  body  sends  off  a  number  of  rays,  which 
diverge  in  every  direction,  so  as  to  form  a  cone,  of  which  the  luminous 
point  is  the  apex.  So  long  as  these  rays  pass  through  a  medium  of  the 
same  density,  they  proceed  in  straight  lines;  but,  if  they  enter  a  medium 
of  different  density,  they  are  refracted  or  bent, — towards  \\\e  perpendicular 
to  the  surface  at  the  point  at  which  they  enter,  if  they  pass  from  a  rarer 
into  a  denser  medium, — and  from  the  perpendicular,  when  they  pass  from 
a  denser  medium  into  a  rarer.  It  is  easily  shown  to  be  a  result  of  this 
law,  that,  when  parallel  rays  passing  through  air  fall  upon  a  convex  surface 
of  glass,  they  will  be  made  to  converge,  so  as  to  meet  at  the  opposite  ex- 
tremity of  the  diameter  of  the  circle  of  which  the  curve  forms  part.  If, 
instead  of  continuing  in  the  glass,  they  pass  out  again,  through  a  second 
convex  surface,  of  which  the  direction  is  the  reverse  of  the  first,  they  will 
be  made  to  converge  still  more,  so  as  to  meet  in  the  centre  of  curvature. 
Hays  which  are  not  parallel,  but  are  diverging  from  a  focus,  are  likewise 
made  to  converge  to  a  point  or  focus;  but  this  point  will  be  more  distant 
from  the  lens,  in  proportion  as  the  object  is  nearer  to  it,  and  the  angle  of 
divergence  consequently  greater.  The  rays  diverging  from  every  point  of 
a  luminous  object  are  thus  brought  to  a  corresponding  focus;  and  the 
places  of  all  these  foci  hold  exactly  the  same  relation  to  each  other,  with 
that  of  the  points  from  which  the  rays  diverged;  so  that  a  perfect  image 
of  the  object  is  formed  upon  a  screen  held  in  the  focus  of  the  lens.  This 
image,  however,  will  be  inverted;  and  its  size,  in  proportion  to  that  of  the 
object,  will  depend  upon  their  respective  distances  from  the  lens.  If  their 
distances  be  the  same,  their  size  will  also  be  the  same;  if  the  object  be 
distant,  and  the  image  near,  the  latter  will  be  much  the  smaller;  and  vice 
vers^. 

328.  There  are  two  circumstances,  however,  which  interfere  with  the 
perfection  of  an  image  thus  formed  by  a  convex  lens.  The  one  is,  that,  if 
the  lens  constitute  a  large  part  of  the  sphere  from  which  it  is  taken,  the 
rays  which  fall  near  its  margin  arc  not  brought  to  a  focus  at  the  same 
point  with  those  which  pass  through  its  centre,  but  at  a  point  nearer  the 
lens.  This  difference,  which  must  obviously  interfere  greatly  with  the 
distinctness  of  the  image,  is  termed  spherical  aberration;  it  may  be  cor- 
rected by  the  combination  of  two  or  more  lenses,  of  which  the  curvatures  are 
calculated  to  balance  one  another,  in  such  a  manner  that  all  the  rays  shall 
be  brought  to  the  same  focus;  or  by  diminishing  the  aperture  of  the  lens 
by  means  of  a  stop  or  diaphragm,  in  such  a  manner  that  only  the  central 
part  of  it  shall  be  used.  The  latter  of  these  methods  is  the  one  em- 
ployed, where  the  diminution  in  the  amount  of  light  transmitted  is  not 
attended  with  inconvenience.  The  nearer  the  object  is  to  the  lens  (and 
the  greater,  therefore,  the  angle  of  divergence  of  its  rays),  the  greater  will 
be  the  spherical  aberration,  and  the  more  must  the  aperture  of  the  dia- 
phragm be  contracted  in  order  to  counteract  it.  The  other  circumstance 
that  interferes  with  the  distinctness  of  the  image,  is  the  unequal  refran- 
gibility  of  the  differently-coloured  rays,  which  together  make  up  white  or 
colourless  light;  the  violet  being  more  bent  from  their  course  than  the 
blue,  the  blue  more  than  the  yellow,  and  the  yellow  more  than  the  red; 
the  consequence  of  which  will  be,  that  the  violet  rays  are  brought  to  a 
focus  much  nearer  to  the  lens  than  the  blue,  and  the  blue  nearer  than  the 
red.  If  a  screen  be  held  to  receive  the  image  in  the  focus  of  any  of  the 
rays,  the  others  will  make  themselves  apparent  as  fringes  round  its  margin. 
This  difference  is  termed  Chromatic  Aberration,  It  is  corrected  in  prac- 
tice by  combining  together  lenses  of  different  substances,  of  which  the 
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dispersive  power  (that  is,  the  power  of  separating  the  coloured  rays) 
differs  considerably.  This  is  the  case  with  flint  and  crown  glass,  for 
instance;  the  dispersive  power  of  the  former  being  much  greater  than  that 
of  the  latter,  whilst  its  refractive  power  is  nearly  the  same:  so  that,  if  a 
convex  lens  of  crown  glass  be  united  with  a  concave  of  flint  whose  curva- 
ture is  much  less,  the  dispersion  of  the  rays  effected  by  the  former  will  be 
counteracted  by  the  latter,  which  diminishes  in  part  only  its  refractive 
power. 

320.  The  Eye  may  be  regarded  as  an  optical  instrument  of  great  perfec- 
tion, adapted  to  produce,  on  the  expanded  surface  of  the  Optic  nerve,  a 
complete  image  or  picture  of  luminous  objects  brought  before  it;  in  which 
the  forms,  colours,  lights  and  shades,  ^c,  of  the  object  are  all  accurately 
represented.     By  the  different  refractive  powers  of  the  transparent  media 
through  which  the  rays  of  light  pass,  and  by  the  curvatures  given  to  their 
respective  surfaces,  both  the  Spherical  and  Chromatic  aberrations  are  cor- 
rected in  a  degree  sufficient  for  all  practical  purposes;  so  that,  in  a  well- 
formed  eye,  the  picture  is  quite  free  from  haziness,  and  from  false  colours. 
The  power  by  which  it  adapts  itself  to  variations  in  the  distance  of  the 
object,  so  as  to  form  a  distinct  image  of  it  whether  it  be  six  inches,  six 
yards,  or  six  miles  off,  is  extremely  remarkable,  and  cannot  be  regarded  as 
hitherto  completely  explained.     It  is  obvious  that,  if  we  fix  upon  any  dis- 
tance as  that  for  which  the  eye  is  naturally  adjusted  (say  12  or  14  inches, 
the  distance  at  which  we  ordinarily  read),  the  rays  proceeding  from  an 
object  placed  nearer  to  the  eye  than  this  would  not  be  brought  to  a  focus 
upon  the  retina,  but  would  converge  towards  a  point  behind  it;  whilst,  on 
the  contrary,  the  rays  from  an  object  at  a  greater  distance  would  meet  before 
they  reached  the  retina,  and  would  have  again  diverged  from  each  other 
when  they  impinge  upon  it:  so  that  in  either  case,  vision  would  be  indis- 
tinct.    Now  two  methods  of  adaptation  suggest  themselves  to  the  Optician. 
Either  he  may  vary  the  distance  between  the  refracting  surface  and  the 
screen  on  which  the  image  is  formed,  in  such  a  manner  that  the  latter  shall 
always  he  in  the  focus  of  the  converging  rays;  or,  the  distance  of  the  screen 
remaining  the  same,  he  may  vary  the  convexity  of  his  lens,  in  such  a  man- 
ner as  to  adapt  it  to  the  distance  of  the  object.     It  is  not  improbable  that 
both  of  these  methods  are  employed  in  the  eye,  though  no  distinct  evidence 
has  been  obtained  of  the  operation  of  either.    Several  hypotheses  have  been 
proposed)  to  account  for  the  phenomenon:  it  is  easily  proved  that  no  one  of 
them  can  alone  be  true;  but  it  cannot  be  readily  shown  that  any  of  them  is 
entirely  false:  and  it  would  not  seem  unlikely,  therefore,  that  all  may  partici- 
pate, in  various  degrees,  in  the  effect.     The  following  are  the  principal  of 
these. — 1.  An  alteration  in  the  form  of  the  globe  of  the  eye  by  the  action 
cf  the  muscles,  so  that  its  antero-posterior  diameter  may  be  increased  or 
diminished.* — 2.  A  change  in  the  convexity  of  the  cornea.    This  might  be 
"Very  well  connected  with  the  last;  since,  if  the  globe  were  converted  into  a 
spheroid  of  which  the  antero-posterior  diameter  would  be  the  longest,  the 
cumture  of  the  cornea  would  be  increased;  whilst,  if  the  antero-posterior 
diameter  were  shortened,  the  curvature  would  be  diminished. — 3.  Change 
^f  position  of  the  crystalline  lens,  by  means  of  the  ciliary  processes. — 4. 
phtnge  of  figure  of  the  lens  itself.   That  one  or  both  of  these  are  concerned 
^^  the  effect,  would  appear  from  the  fact  well  known  to  every  oculist,  that, 

*The  influence  of  the  muscles  in  altering  the  form  of  the  globe  may  be  belter  com- 
prehended, now  that  we  know  the  mode  in  which  this  is  kept  in  iis  place  in  the  front 
^ihe  orbit,  by  a  fascia  pa!>sing  behind  it,  and  attached  anteriorly  to  the  lids. 
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after  the  removal  of  a  cataract,  the  power  of  adapting  the  eye  to  distances 
is  greatly  diminished. — 5.  Change  in  the  aperture  of  the  pupil;  the  mode 
in  which  this  could  assist  in  accommodating  the  eye  to  variations  of  distance 
is  not  very  obvious. 

330.  Some  curious  circumstances  relative  to  the  connection  between  the 
optical  adaptation  of  the  eye  to  distances,  and  the  changes  in  the  direction 
of  the  axes  of  the  two  eyes,  have  been  pointed  out  by  M tiller.  When  both 
eyes  are  fixed  upon  an  object,  their  axes  must  converge  (as  formerly  ex- 
plained) so  as  to  meet  in  it.  The  nearer  the  object,  the  greater  must  be 
the  degree  of  convergence;  and  when  the  object  is  brought  within  the  ordi- 
nary distance  of  distinct  vision,  the  convergence  must  very  rapidly  increase. 
Now  this  is  precisely  what  takes  place  in  regard  to  alterations  in  the  focus 
of  the  eye;  for  little  change  is  required  when  the  object  is  made  to  approach 
from  a  considerable  distance  to  a  moderate  distance;  but,  when  it  is  brought 
near  the  eye,  the  focus  must  be  considerably  lengthened,  or  the  convexity 
of  the  eye  increased,  to  cause  the  rays  to  meet  on  the  retina.  Hence  it  may 
be  surmised  that  the  same  cause  is  acting  to  produce  both  changes;  but  that 
the  convergence  of  the  axes  is  itself  in  any  way  the  occasion  of  the  altera- 
tion of  the  focus  of  the  eye,  is  shown  by  the  fact,  that  the  adaptation  is  as 
perfect,  in  a  person  who  only  possesses  or  uses  one  eye,  as  it  is  when 
both  are  employed,  and  also  by  the  power  which  is  possessed  by  some 
persons,  of  altering  the  focus  of  the  eye  by  an  effort  of  the  will,  whilst  the 
convergence  remains  the  same.  In  regard  to  the  adaptation  of  the  eyes  to 
varying  distances,  it  is  further  to  be  remarked  that,  when  an  object  is  being 
viewed  as  near  to  the  eye  as  it  can  be  distinctly  seen,  the  pupil  contracts  in 
a  considerable  degree.  The  final  cause  of  this  change  is  evidently  to  ex- 
clude the  outer  rays  of  the  cone  or  pencil,  which,  from  the  large  angle  of 
their  divergence,  would  fall  so  obliquely  on  the  convex  surface  of  the  eye, 
as  to  be  much  affected  by  the  spherical  aberration;  and  to  allow  the  central 
rays  only  to  enter  the  eye,  so  as  to  preserve  the  clearness  of  the  image.  The 
channel  through  which  it  is  efiected  is  evidendy  the  same,  as  that  by  which 
the  convergence  of  the  eyes  is  produced, — namely  the  inferior  branch  of  the 
third  pair  of  nerves,  to  the  action  of  which  the  sensations  upon  the  retina 
form  the  stimulus,  in  the  same  manner  as  they  do  to  the  ordinary  variation 
in  the  diameter  of  the  pupil  under  the  influence  of  light. 

331.  The  ordinary  forms  of  defective  vision,  which  are  known  under  the 
names  of  myopia  and  presbyopia^  or  short-sightedness  and  long-sightedness, 
are  entirely  attributable  to  defects  in  the  optical  adaptation  of  the  eye.  In 
the  former,  its  refractive  power  is  too  great;  the  rays  from  objects  at  the 
usual  distance  are  consequently  brought  too  soon  to  a  focus,  so  as  to  cross 
one  another  and  diverge  before  they  fall  upon  the  retina;  whilst  the  eye  ii 
adapted  to  bring  to  their  proper  focus  on  the  retina,  only  those  rays  which 
were  previously  diverging  at  a  large  angle,  from  an  object  in  its  near  proxi* 
mity.  Hence  a  short-sighted  person,  whose  shortest  limit  of  distinct  vision 
is  not  above  half  that  of  a  person  of  ordinary  sight,  can  see  minute  objects 
more  clearly;  his  eyes  having,  in  fact,  the  same  magnifying  power  which 
those  of  the  other  would  possses,  if  aided  by  a  convex  glass  that  would  en« 
able  him  to  see  the  object  distinctly  at  the  shorter  distance.  But  as  the 
myopic  structure  of  the  eye  incapacitates  its  possessor  from  seeing  objects 
clearly  at  even  a  moderate  distance,  it  is  desirable  to  apply  a  correction;  Mid 
this  is  done,  simply  by  interposing  a  concave  lens,  of  which  the  curvature 
is  properly  adapted  to  compensate  for  the  excess  of  that  of  the  organ  itself 
between  the  object  and  the  eye.  On  the  other  hand,  in  the  presbyopic  eye, 
the  curvature  and  refractive  power  are  not  sufficient  to  bring  to  a  focus 
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the  TCtinat  rays  which  were  previously  divergeni  in  a  considerable  or  evea 

in  a  moderate  degree;  and  indistinct  vision  in  regard  lo  alt  near  objects  is, 

therefore,  a  necessary  consequence,  whilst  distant  objects  are  well  seen. 
This  defect  is  remedied  by  the  use  of  convex  lenses,  which  make  up  for  the 
deficiency  of  the  curvature.  We  commonly  meet  with  myopia  in  young 
persons,  and  with  presbyopia  in  old;  but  this  is  by  no  means  the  invariable 
rule;  for  even  aged  persons  are  sometimes  short-sighted;  and  long-sighted, 
ness  is  occasionally  met  with  amongst  the  young.  In  choosing  spectacles, 
for  the  purpose  of  correcting  the  errors  of  the  eye,  it  is  of  great  consequence 
not  to  make  an  over-compensation;  for  this  has  a  tendency  to  increase  the 
dereei,  besides  occasioning  great  fatigue  in  the  employment  of  the  sight. 
It  msy  be  easily  found  when  a  glass  of  the  right  power  has  been  selected, 
by  inqniring  of  the  individual  whether  it  alters  the  apparent  size  of  the 
objeeia,  or  only  renders  them  distinct.  If  it  alter  the  size  (increasing  it  if 
it  be  &  convex  lens,  and  diminishing  it  if  it  be  a  concave),  its  curvature  is 
too  great;  whilst  if  it  do  not  disperse  the  haze,  it  is  not  sufficiently  powerful. 
In  general  it  is  better  to  employ  a  glass  which  somewhat  under-compen(ates 
the  eye,  than  one  which  is  of  a  curvature  at  all  loo  high;  since,  with  the 
advance  ofyeira  in  elderly  persons,  a  progressive  increase  in  power  is  re* 
quired;  and,  as  young  persons  grow  up  to  adult  age,  they  should  endeavour 
to  dispense  with  the  aid  of  spectacles, 

332.  Many  other  interesting  inquiries,  respecting  the  action  of  the  eye 
u  an  optical  instrument,  suggest  themselves  to  the  physical  philosopher; 
bat  the  foregoing  are  the  chief  in  which  the  Physiologist  is  concerned,  and 
we  shall  now  proceed,  therefore,  to  consider  the  share  which  the  retina  and 
optic  nerve  perform  in  the  phenomena  of  vision.  The  Optic  Nerve,  at  its 
entrance  into  the  eye,  divides  itself  into  numerous  small  fasciculi  of  ultimate 
fibrils;  and  these  spread  themselves  out,  and  inosculate  with  each  other  by 
BO  exchange  of  fibrils,  so  as  to  form  a  net-like  plexus,  which  is  the  outer 
layer  of  the  true  retina.  From  this  plexus,  in 
vhieh  the  fibres  are  lying  in  the  plane  of  the  F)g-  33. 

■nrface  of  the  vitreous  humour,  a  very  large 
number  of  fibrils  arise  in  a  direction  perpen 

dicniar  to  that  surface,  so  as  all  to  be  directed 

towards  the  centre  of  the  eye.     These  pass 

through  a  delicate  layer  of  cellular  tissue,  con- 
taining a  minute  plexus  of  blood-vessels;  and 

fcom  this  every  fibril  receives  a  sheath,  which 

envelopes  its  extremity,  thus  forming  a  minute 

papilla.     The  surface  of  the  retina  in  contact 

with  the  vitreous  humour,  is   entirely  com-  ' 

posed  of  these  papilla,  which  are  closely  set  to-  f 

gcAn.  In  the  retina  of  the  Frog,  the  diameter 

of  the  ultimate  nervous  fibres   is  stated  by      l^"  "f  ih"  '"'""'  <^  •  Frag  wm 
■I  lenranoB  al  about  -jigi'''  °'  ^^  'wh;  whilst  n^,,,    1^^^,,  Trevinnui; 

that  of  the  papillx  is  about  ^jVo'-'^  of  an  inch. 

In  Birds  and  Mammalia,  however,  the  papiliee,  as  well  as  the  nervous  fibrils, 

■n  nuch  smaller;  in  the  former  the  diameter  of  the  papilln  is  stated  al 

ftom  about  ri^nlh  to  jVtb'''  "'  ""  '""^i  '"  '^^  rabbit  at  TVsTr'h  "^  *"  '""''i 

'      *>diiiMan  aifrom  theyj^th  to  ^^'igth  of  an  inch.*  An  attempt  has  been 

'  This  a  the  diameler  assigned  bj  Weber  to  what  he  terms  the  gtobuUi  of  iha 
<tiii3j  there  can  be  liule  doubt,  however,  that  the>e  are  ideDiical  wiih  the  papilJK, 
'■UiKeUiter  are  very  api  lo  separate,  in  eyes  which  are  examined  even  a  sborl 
« tfter  dealb,  from  the  fibres  beoeaih. 
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P»g«  24.  made  to  show,  thai  the  size  of  the  papillae  de- 

termines that  of  the  smallest  object  which  caa 
be  seen  by  the  unaided  eye;  and  it  is  a  curious 
fact,  that  the  calculation  long  ago  made  by 
Smith,  in  regard  to  the  size  of  the  most  minute 
sensitive  point  upon  the  retina,  founded  upon 
the  dimensions  which  the  image  of  the  mi- 
Papiii©  of  the  retina  of  the  Froff,  nutest  visible  object  will  possess,  coincides  ex- 
•een  from  the  side  turned  towards  the  ^^.^j    ^^j^  j|jg  measurement  of  Weber.   There 

vitreous  humour;  the  four  higher  rows    .•'j,,  .  jr  i, 

are  seen  sideways.   Magnified  300  IS  no  (loubt,  however,  that,  under  tavourable 
timea.  (AOer  Treviranus.)  circumstauces,  tlie  eye  will  take  cognisance  of 

objects  much  smaller  than  those  on  which 
Smith's  calculation  was  founded.  The  following  statements  on  this  inter- 
esting subject  comprehend  the  result  of  numerous  inquiries  recently  made 
by  Ehrenberg,  with  the  view  of  establishing  the  limits  of  Human  Vision* 
as  a  datum  from  which  to  calculate  the  ultimate  power  of  the  Microscope.^ 
333.  In  opposition  to  the  generally-received  opinion,  Ehrenberg  arrived 
at  the  conclusion  that,  in  regard  to  the  extreme  limits  of  vision,  there  is 
little  difference  amongst  persons  of  ordinarily  good  sight,  whatever  may  be 
the  focal  distance  of  their  eyes.  The  smallest  square  magnitude  usually 
visible  to  the  naked  eye,  either  of  white  particles  on  a  black  ground,  or  of 
black  upon  a  white  or  light-coloured  ground,  is  about  the  ^^^  of  an  inch. 
It  is  possible,  by  the  greatest  condensation  of  light,  and  excitement  of  the 
attention,  to  recognise  magnitudes  between  the  j^-gih  and  ^  J^yth  of  an  inch; 
but  without  sharpness  or  certainly.  Bodies  which  are  smaller  than  these 
cannot  be  discerned  when  single  with  the  naked  eye,  but  may  be  seen 
when  placed  in  a  row.  Particles  which  powerfully  reflect  light,  however, 
may  be  distinctly  seen,  when  not  half  the  size  of  the  least  of  the  fore- 
going; thus,  gold  dustt  of  the  fineness  of  i-tVt^^  ^^  ^^  inch  may  be  dis- 
cerned with  the  naked  eye  in  common  daylight.  The  delicacy  of  vision 
is  far  greater  for  lines  than  for  single  particles;  opaque  threads  of  -^TTs^rth 
of  an  inch  in  diameter  may  be  discerned  with  the  naked  eye,  when  held 
towards  the  light.  Such  threads  are  about  half  the  diameter  of  the  Silk* 
worm's  fibre.  It  is  evident,  from  these  facts,  that  the  images  of  such 
particles  formed  upon  the  retina  must  be  considerably  smaller  than  the 
diameter  of  the  papillae.  Still  it  is  by  no  means  improbable  that,  when  we 
are  looking  at  a  continuous  surface,  the  diameter  of  the  pnpilloe  will  rego* 
late  our  power  of  distinguishing  minute  parts  of  that  surface:  since,  as 
Weber  justly  remarks,  two  impressions  falling  upon  one  of  these  points 
can  scarcely  afl^ect  the  sensorium  otherwise  than  with  one  sensation.  The 
degree  in  which  the  attention  is  directed  to  them,  has  a  great  influence  on 
the  readiness  with  which  very  minute  objects  can  be  perceived;  and  Ehren- 
bersT  remarks  that  in  this  respect  there  is  a  much  greater  difference  amongst 
individuals,  than  there  is  in  regard  to  the  absolute  limits  of  vision.  Many  " 
persons  can  dislincdy  see  such  objects,  when  their  situation  is  exactly  ^^ 
pointed  out  to  them,  who  cannot  otherwise  distinguish  them;  and  the  samei^s 
is  the  case  with  persons  of  acuter  perception,  with  respect  to  objects  at  dis— ^^ 
tances  greater  than  those  at  which  they  can  see  most  clearly.  **  I  myself,"^ 
says  Ehrenberg,  •*  cannot  see  ^yVrr^^  of  an  inch,  black  on  white,  at  iweh 
inches  distance;  but  having  found  it  at  from  four  to  five  inches  distance, 

♦  Taylor's  Scienlific  Memoirs.    Vol.  i.  p.  576. 

t  Ehrenberg  incuiions  ihat  he  obiained  the  finest  panicles  of  gold,  by  scraping  gi 
brass;  by  filing  pure  gold,  he  always  obiained  much  coarser  particles. 
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can  remove  it  to  twelve  inches,  and  still  see  the  object  plainly.'"  Similar 
phenomena  are  well  known  in  regard  to  a  balloon,  or  a  faint  star,  in  a  clear 
6ky;  or  a  ship  in  the  horizon:  we  easily  see  them  after  they  have  been 
pointed  out  to  us;  but  the  faculty  of  rapidly  descrying  depends  on  the  habit 
of  using  the  eyes  in  search  of  such  objects  (§  313). 

334.  The  sense  of  Vision  depends,  in  the  first  place,  on  the  transference 
to  our  minds  of  the  picture  which  is  formed  upon  the  retina;  this  picture 
puts  us  in  possession  of  the  outlines,  lights  and  shades,  colours,  and  rela- 
tive positions,  of  the  objects  before  us;  and  all  the  ideas  respecting  the 
real  forms,  distances,  &>c,  of  bodies,  which  we  found  upon  these  data,  must 
be  considered  in  the  light  of  perceptions,  either  instinctive  or  acquired. 
Many  of  these  are  derived  through  tlie  combination,  in  our  minds,  of  the 
visual  sensations  with  those  derived  from  the  sense  of  touch.     Thus,  to 
take  a  most  simple  illustration,  the  idea  of  smoothness  is  one  essentially 
tactile;  and  yet  it  constandy  occurs  to  us,  on  looking  at  a  surface  which 
reflects  light  in  a  particular  manner.     But  if  it  were  not  for  the  association 
which  experience  leads  us  to  form,  of  the  connection  between  polish  as 
seen  by  the  eye,  and  smoothness  as  felt  by  the  touch,  we  should  not  be  able 
to  determine,  as  we  now  can  do,  the  existence  of  both  these  qualities,  from 
an  impression  communicated  to  us  through  either  sense  singly.   The  gene- 
ral fact  that,  in  Man,  the  greater  part  of  those  notions  of  the  external  world, 
by  which  his  actions  in  the  adult  state  are  guided,  are  acquired  by  the  gra- 
dual association  of  the  sensations  communicated  by  the  sight  and  by  touch, 
is  substantiated  by  amply-sufficient  evidence.     This  evidence  is  chiefly 
derived  from  observations  made  upon  persons  born  blind,  to  whom  sight 
has  been  communicated  by  an  operation,  at  a  period  of  life  which  enabled 
them  to  give  an  accurate  description  of  their  sensations.     The  case  re- 
corded by  Cheselden  is  one  of  the  most  interesting  of  these.     The  youth 
(about  12  years  of  age)  for  some  time  after  tolerably  distinct  vision  had  been 
obtained,  saw  every  thing  y7a/  as  in  a  picture;  simply  receiving  the  con- 
sciousness of  the  impressions  made  upon  his  retina;  and  it  was  some  time 
before  he  acquired  the  power  of  judging  by  his  sight,  of  the  real  forms  and 
distances  of  the  objects  around  him.  An  amusing  anecdote  recorded  of  him 
shows  the  complete  want  of  natural  or  intuitive  connection  which  there  is 
in  Man,  between  the  ideas  formed  through  visual  and  tactile  sensations. 
He  was  well  acquainted  with  a  Dog  and  a  Cat  by  feeling;  hut.  could  not 
remember  their  respective  characters  when  he  satv  them.     One  day,  when 
thus  puzzled,  he  took  up  the  Cat  in  his  arms,  and  felt  her  attentively,  so  as 
U>  associate  the  two  sets  of  ideas;  and  then,  setting  her  down,  said,  *^  So, 
puss,  I  shall  know  you  another  time."    A  similar  instance  has  come  under 
the  Author's  own  knowledge;  but  the  subject  of  it  was  scarcely  old  enough 
to  present  phenomena  so  striking.  One  curious  circumstance  was  remarked 
of  him,  which  fully  confirms  (if  confirmation  were  wanting)  the  view  here 
given.     For  some  time  after  the  sight  was  tolerably  clear,  the  lad  preferred 
finding  his  way  through  his  father's  house,  to  which  he  had  been  quite 
accustomed  when  blind,  by  touch  rather  than  by  sight, — the  use  of  the  latter 
•en»e  appearing  to  perplex  rather  than  to  assist  him:  but,  when  learning  a 
new  locality,  he  employed  his  sight,  and  evidently  perceived  the  increase 
of  facility  which  he  derived  from  it. 

335.  The  question  has  been  proposed,  whether  a  person  born  blind,  who 

^asable  by  the  sense  of  touch  to  distinguish  a  cube  from  a  ppliere,  would, 

^n  suddenly  obtaining  his  sight,  be  able  to  distinguish  them  by  the  latter 

L       »«n»e.    This  question  was  answered  by  Locke  in  the  negative;  and  pro- 

m      ^ly  with  justice.     It  is  no  real  objection  to  such  a  reply,  that  a  new-born 

\ 
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animal  seeks  the  nipple  of  its  mother,  when  informed  of  its  proximity  by 
sight;  for  all  that  is  indicated  by  this  fact  is,  that  the  sensation  excites  an 
intuitive  feeling  of  desire,  which  gives  rise  to  movements  adapted  to  gratify 
it.  Such  instinctive  actions,  founded  upon  intuitive  perceptions,  are,  as 
already  pointed  out,  much  more  numerous  in  the  lower  animals  than  in  the 
higher,  and  in  the  young  of  the  Human  species  than  in  the  adult  (§  259); 
and  they  do  not  afford  any  proof  that  definite  notions,  such  as  we  acquire, 
of  the  forms  and  properties  of  external  objects,  are  possessed  by  the  animals 
which  exhibit  them.  We  shall  now  examine,  a  little  more  in  detail,  into 
the  means  by  which  we  gain  such  notions,  and  the  data  on  which  they  are 
founded. 

336.  The  first  point  to  be  determined  is  one  which  has  been  a  fraitful 
source  of  discussion, — the  cause  of  erect  vision,  the  picture  upon  the  retina 
being  inverted.     Many  solutions  of  it  have  been  attempted;  but  they  are 
for  the  most  part  rather  specious  than  really  satisfactory.     That  which  has 
been  of  late  years  the  most  in  vogue,  is  founded  upon  what  was  styled  the 
Law  of  Visible  Direction,  which  has  been  supported  by  Sir  D.  Brewster, 
and  other  eminent  Philosophers.     This  law  afRrms,  that  every  object  is 
seen  in  the  direction  of  the  perpendicular  to  that  point  of  the  retina,  on 
which  its  image  is  formed;  or,  in  other  words,  that,  as  all  the  perpendicu- 
lars to  the  several  points  of  the  inner  surface  of  a  sphere  meet  in  the  centre, 
the  line  of  direction  of  any  object  is  identical  with  the  prolonged  radius  of 
the  sphere,  drawn  from  the  point  at  which  its  image  is  made  upon  the  retina. 
Upon  close  examination,  however,  it  is  found  that  this  law  cannot  be  opti- 
cally correct;  since  the  lines  of  direction  cross  each  other  at  a  point  much 
anterior  to  the  centre  of  the  globe;  as  may  be  determined  by  drawing  a 
diagram  upon  a  large  scale,  and  laying  down  the  course  of  the  rays  received 
by  the  eye,  according  to  the  curvatures  and  refractive  powers  of  its  different 
parts.     In  this  manner  it  has  been  determined  by  Volkmann,  that  the  lines 
of  direction  cross  each  other  in  a  point  a  little  behind  the  crystalline  lens; 
and  that  they  will  thus  fall  at  such  different  angles  on  different  points  of  the 
retina,  that  no  general  law  can  be  laid  down  respecting  them.     It  may  be 
questioned,  moreover,  whether  any  such  law  would  afford  any  assistance  in 
explaining  the  phenomenon;  since,  after  all,  it  is  requisite  to  assume  an  in- 
tuitive application  of  it,  in  supposing  the  mind  to  derive  its  ideas  of  the 
relative  situations  of  objects  from  the  supposed  line  of  direction.     A  much 
simpler  and  more  direct  explanation  may  be  given.     We  must  remember 
that  which  we  have  had  occasion  to  notice  in  regard  to  all  the  other  senses, 
— the  broad  line  of  distinction  between  the  sensation  and  the  perception  or 
elementary  notion;  and  this  is  still  more  clearly  shown  by  the  complete 
absence  of  any  relation,  but  such  as  experience  developes,  between  the  per- 
ceptions derived  through  the  sight,  and  those  acquired  from  the  touch. 
Hence  there  is  no  more  difficulty  in  understanding,  that  an  inverted  picto 
upon  the  retina  should  convey  to  us  a  notion  of  the  external  world,  whicl 
harmonizes  with  that  acquired  through  the  sense  of  touch,  than  there  is  i 
comprehending  the  formation  of  any  of  those  intuitive  perceptions  of  ani— 
mals,  which  are  so  much  more  removed  from  the  teachings  of  our  o 
experience  (§  290).     It  is  justly  remarked  by  MUller  that,  "  if  we  do  i 
objects  inverted  [or  rather,  if  the  picture  on  the  retina  is  inverted]  the  onl 
proof  we  can  possibly  have  of  it,  is  that  afl!brded  by  the  study  of  the  la 
of  Optics;  and,  if  every  thing  is  seen  reversed,  the  relative  position  of  ih 
objects  remains  unchanged.     Hence  it  is,  also,  that  no  discordance  arise 
between  the  sensations  of  inverted  vision  and  those  of  touch,  which  perceiver- 
every  thing  in  its  erect  position;  for  the  images  of  all  objects,  even  of    — 
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own  limbs,  on  the  retina,  are  equally  inverted,  and  therefore  maintain  the 
same  relative  position.  Even  the  image  of  our  hand,  when  used  in  touch, 
is  inverted.*'  From  what  has  been  stated  it  would  appear  quite  conceiva- 
ble, that  a  person  just  endowed  with  sight,  should  not  at  first  know  by  his 
visual  powers,  whether  a  pyramid  placed  before  his  eyes  is  the  same  body, 
and  in  the  same  position,  as  one  with  which  he  has  become  acquainted  by 
the  touch;  and,  if  this  be  admitted,  the  inference  necessarily  follows,  that 
the  notion  of  erectneas^  which  we  form  by  the  combined  use  of  our  eyes 
and  our  hands,  is  really  the  product  of  experience  in  ourselves,  whilst  it  is 
probably  innate  or  intuitional  in  the  lower  animals. 

337.  The  cause  of  single  vision  with  the  two  eyes  has,  in  like  manner, 
been  the  subject  of  much  discussion;  since  the  mode  in  which  we  are  af- 
fected by  the  two  simultaneous  impressions,  is  quite  different  from  that  in 
which  we  derive  our  knowledge  of  external  things  through  the  other  senses. 
Some  have  even  asserted  that  we  do  not  really  employ  both  eyes  simulta- 
neously *  bat  that  the  mind  is  affected  by  the  image  communicated  by 
one  only;  and  this  idea  might  seem  to  be  confirmed  by  the  fact  heretofore 
mentioned  ($313)  respecting  the  alternate  use  of  the  two  eyes,  when  they 
are  looking  through  two  differently-coloured  media.     But  it  is  easily  dis- 
proved in  other  ways.     It  will  presently  be  shown  that  all  our  estimates  of 
the  forms  of  bodies  depend  on  the  combination  by  the  mind  of  the  images 
simultaneously  transmitted  by  the  two  eyes;  and  our  knowledge  of  dis- 
tances is  in  great  part  obtained  in  like  manner.     The  condition  of  Single 
Vision  has  been  already  stated  (§  253)  to  be  probably  this, — that  the  two 
images  of  the  object  should  be  formed  on  parts  of  the  two  retinae  which  are 
accustomed  to  act  in  concert;  and  reasons  were  given  for  the  belief,  that 
habit  is  the  chief  means  by  which  this  conformity  is  produced.-    There  can 
be  no  doubt,  however,  that  double  images  are  continually  being  conveyed 
to  car  minds;  but  that  from  their  want  of  force  and  distinctness,  and  from 
the  attention  being  fixed  on  something  else,  we  do  not  take  cognisance  of 
them.     This  may  be  shown  by  a  very  simple  experiment.     If  two  fingers 
be  held  np  before  the  eyes,  one  in  front  of  the  other,  and  vision  be  directed 
to  the  more  distant,  so  that  it  is  seen  singly,  the  nearer  will  appear  double; 
while,  if  the  nearer  one  be  regarded  more  particularly,  so  as  to  appear 
single,  the  more  distant  will  be  seen  double.     A  little  consideration  will 
show,  therefore,  that  our  minds  must  be  continually  affected  with  sensations 
which  cannot  be  united  into  the  idea  of  a  single  image;  since,  whenever  we 
direct  the  axes  of  our  eyes  towards  any  object,  every  thing  else  will  be 
represented  to  us  as  double,  although  we  do  not  ordinarily  perceive  this, 
from  our  minds  being  fixed  upon  a  clear  and  distinct  image,  and  disre- 
garding, therefore,  the  vague  undefined  images  formed  by  objects  at  a  dif- 
ferent focus.     Of  this  it  is  very  easy  to  convince  oneself.     It  is  moreover 
evident  from  this  experiment,  that  double  vision  cannot  result  from  want  of 
symmetry  in  the  position  of  the*  images  upon  the  retina,  to  which  some 
liave  attributed  it;  for  it  answers  equally  well,  if  the  line  of  the  two  fingers 
y^e  precisely  in  front  of  the  nose,  so  that  the  inclination  of  both  eyes  towards 
either  object  is  equal;  the  position  of  the  images  of  the  second  object  must 
tlien  be  at  the  same  distance  on  each  side  from  the  central  line  of  the 
v^na,  and  yet  they  are  represented  to  the  mind  as  double.     It  is,  more- 
over, easily  shown  that,  in  the  lower  animals  whose  orbits  are  not  directed 
forwards  as  in  us,  but  sideways  in  a  greater  or  less  degree,  whenever  an 
object  is  so  situated  as  to  be  seen  by  both  eyes,  the  points  of  the  two  retinie 

L      ^  which  its  images  are  formed,  must  be  very  far  from  possessing  this 

m     •Tniinetry. 
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338.  Many  attempts  have  been  made  to  explain  the  phenomena  of  single 
vision,  by  the  decussation  of  the  optic  nerves;  but,  from  the  facts  which 
have  been  adverted  to,  it  seems  evident  that  no  material  influence  can  affect 
the  process;  the  fusion  of  the  two  images  into  one  being  entirely  a  mental 
operation.     In  regard  to  this  decussation,  it  is  stated  by  Mr.  Mayo  (Med. 
Gaz.  Nov.  5,  1841)  that  the  optic  nerve  in  Man  consists  of  three  tracts;  of 
which  the  internal  one  is  strictly  commissural,  connecting  together  the  two 
retinffi  anteriorly,  and  the  two  optic  ganglia  posteriorly;  the  middle  tract 
decussates,  and  is  believed  by  Mr.  M.  to  supply  that  part  of  the  retina  which 
lies  on  the  inner  side  of  each  ball,  between  its  anterior  border  and  the  inser- 
tion of  the  optic  nerve;  whilst  the  external  tract  does  not  decussate,  but 
pnsses  on  to  supply  the  exterior  portion  of  the  retina  on  the  same  side. 
Thus  the  right  optic  nerve  supplies  the  right  side  of  each  ball;  whilst  the 
left  supplies  the  left  side.    On  the  other  hand,  in  most  of  the  Osseous  Fishes, 
the  decussation  is  complete;  each  nerve  passing  entirely  to  the  eye  of  the 
opposite  side.     From  these  and  other  data,  Mr.  M.  concludes  that  each 
nerve  is  used  in  looking  towards  the  opposite  side.     This  is  evidently  true 
of  the  Osseous  Fishes,  whose  two  eyes,  being  directed  sideways,  have  two 
entirely  different  spheres  of  vision.    And  it  is  true  also  of  Man  (if  Mr.  M.'s 
account  of  the  distribution  of  the  nerve  be  correct),  since,  when  we  look  at 
an  object  held  directly  in  front  of  the  face,  at  the  level  of  the  eyes,  and  at 
the  nearest  point  for  distinct  vision,  almost  the  whole  of  that  portion  of  the 
right  retina,  which  lies  to  the  outside  of  the  entrance  of  the  optic  nerve,  is 
directed  to  the  left;  and  the  exactly  different,  complementary,  or  inner  por- 
tion of  the  left  retina,  which  is  supplied  by  the  same  nerve,  is  likewise 
directed  to  the  left.     On  this  supposition,  all  the  rays  entering  the  twaeyes 
from  any  one  point,  will  be  brought  to  a  focus  on  fibrils  belonging  to  the 
same  nerve;  though  these  are  in  Man,  as  in  other  animals  whose  spheres  of 
vision  are  nearly  or  partly  coincident,  distributed  to  distinct  visual  organs.* 

339.  We  shall  next  consider  the  mode  in  which  our  notion  of  the  solid 
forms  and  relative  projection  of  objects  is  acquired;  on  which  great  light 

has  recently  been  thrown  by  the  interesting  experiments  of  Mr.  Wheat- 
stone.t     It  is  perfectly  evident,  both  from  reason  and  experience,  that  the 
flat  picture  upon  the  retina,  which  is  the  only  object  of  our  sensation,  could 
not  itself  convey  to  our  minds  any  notion,  but  that  of  a  corresponding  plana 
surface.     In  fact,  the  notion  of  solidity,  which  would  be  formed  by  a  pe^ 
son  who  had  never  had  the  use  of  more  than  one  eye,  would  entirely  depend 
upon  the  combination  of  his  visual  and  tactile  sensations.    This  idea  is  fully 
confirmed  by  the  case  already  referred  to  as  recorded  by  Cheselden.    The 
first  visual  idea  formed  by  the  youth  was,  that  the  objects  around  him  formed 
a  fiat  surface,  which  touched  liis  eyes,  as  they  had  previously  been  in  con- 
tact with  his  hands;  and  after  this  notion  had  been  corrected  by  the  edacft* 

♦  The  late  Dr.  Wollaston  was  subject  to  a  curious  afTection  of  Wsion,  which  cotr 
sisted  in  his  not  being  able  to  see  more  than  half  of  an  object, — the  loss  being  somelim^ 
on  one  side,  and  sometimes  on  the  other.  The  author  has  met  with  several  cases  of 
this  disorder,  which  has  been  termed  hcmiopia.  Dr.  W.  thought  that  they  might ^ 
explained  by  the  decussation  of  the  optic  nerve;  but  Mr.  Mayo  stales  that  he  htf 
known  instances  of  a  parallel  afleciion,  involving  alternately  the  centre  and  circoio* 
ference  of  the  retina,  and  therefore  not  attributable  to  any  such  structural  arrang*" 
ment. 

[Since  this  paragraph  was  written,  it  has  been  pointed  out  to  the  author  lh»^^ 
view  of  the  objects  of  the  comrnisNure  of  the  opiic  nerves,  nearly  the  same  as  ihaio*      ^ 
Mr.  Mayo,  has  been  given  by  Mr.  Solly,  in  his  very  useful  work  on  the  Brain,  P*      ^ 
263.— C]  ■:? 

t  Philosophical  Transactions,  1838.  ^ 
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lion  of  his  sight  by  bis  touch,  he  fell  into  the  converse  error  of  supposing 
that  a  picture,  which  was  shown  to  him,  was  the  object  itself  represented 
in  relief  on  a  small  scale.  But  where  both  eyes  are  employed,  it  has  been 
ascertained  by  Mr.  Wheatstone  that  they  concur  in  exciting  the  perception 
of  solidity  or  projection,  which  arises  from  the  combination  in  the  mind  of 
two  different  images.  It  is  easily  shown  that  any  near  object  is  seen  in 
two  different  modes  by  the  two  eyes.  Thus  let  the  reader  hold  up  a  thin 
book,  in  such  a  manner  that  its  back  shall  be  exactly  in  front  of  his  nose, 
and  at  a  moderate  distance  from  it;  he  will  observe,  by  closing  first  one  eye 
and  then  the  other,  that  his  perspective  view  of  it  (or  the  manner  in  which 
be  would  represent  it  on  a  plane  surface)  is  very  different,  according  to  the 
eye  with  which  he  sees  it.  With  the  right  eye  he  will  see  its  right  side, 
very  much  foreshortened;  with  the  left  he  will  gain  a  corresponding  view 
of  the  left  side;  and  the  apparent  angles,  and  the  lengths  of  the  different 
lines*  will  be  found  to  be  very  different  in  the  two  views.  On  looking  at 
either  of  these  views  singly,  no  other  notion  of  solidity  can  be  acquired  from 
it,  than  that  to  which  the  mind  is  conducted,  by  the  association  of  such  a 
view  with  the  touch  of  the  object  it  represents.  But  it  is  capable  of  proof, 
thai  the  mental  association  of  the  two  different  pictures  upon  the  retinae, 
does  of  itself  give  rise  to  the  idea  of  solidity.  This  proof  is  afforded  by  Mr. 
Wheatstone's  ingenious  instrument,  the  Stereoscope. 

340.^  The  Stereoscope  essentially  consists  of  two  plane  mirrors,  inclined 
with  their  backs  to  one  another  at  an  angle  of  90°.     If  two  perspective 
drawings  of  any  solid  object,  as  seen  at  a  given  distance  with  the  two  eyes 
respectively,  be  placed  before  these  mirrors,  in  such  a  manner  that  their 
images  shall  be  made  to  fall  upon  the  corresponding  parts  of  the  two  retinae, 
in  the  same  manner  as  the  two  images  formed  by  the  solid  object  itself 
would  have  done,  the  mind  will  perceive,  not  a  single  representation  of  the 
object,  nor  a  confused  union  of  the  two,  but  a  body  projecting  in  relief, 
—the  exact  counterpart  of  that  from  which   the  drawings  were  made. 
Mr.  Wheatstone  further  shows  by  means  of  the  Stereoscope,  that  similar 
images,  differing  to  a  certain  extent  in  magnitude,  when  presented  to  the 
corresponding  parts  of  the  two  retinae,  give  rise  to  the  perception  of  a  single 
object,  intermediate  in  size  between  the  two  monocular  pictures.     Were  it 
not  for  this,  objects  would  appear  single,  only  when  at  an  equal  distance 
from  both  eyes,  so  that  their  pictures  upon  the  retina  are  of  the  same  size; 
which  will  only  happen  when  it  is  directly  in  front  of  the  median  line  of 
the  face.     Again,  if  pictures  of  dissimilar  objects  be  simultaneously  pre* 
tented  to  the  two  eyes,  the  consequence  will  be  similar  to  that  which  is  expe- 
rienced when  the  rays  come  to  the  eye  through  two  differently  coloured 
media;-— the  two  images  do  not  coalesce,  nor  do  they  appear  permanently 
superposed  upon  one  another;  but  at  one  time  one  image  predominates  to 
the  exclusion  of  the  other,  and  then  the  other  is  seen  alone;  and  it  is  only 
at  the  moment  of  change  that  the  two  seem  to  be  intermingled.     It  does 
not  appear  to  be  in  the  power  of  the  will,  Mr.  Wheatstone  remarks,  to 
determine  the  appearance  of  either;  but,  if  one  picture  be  more  illuminated 
than  the  other,  it  will  be  seen  during  a  larger  proportion  of  the   time. 
I       Many  other  curious  experiments  with  this  simple  instrument  are  related  by 
I       Mr.  Wheatstone;  and  they  all  go  to  confirm  the  general  conclusion,  that 
&      the  combination  of  the  images  furnished  by  the  two  eyes  is  a  mental  act, 
m      fesulting  from  an  inherent  law  of  our  psychical  constitution;  and  that  our 
«     l>receptions  of  the  solidity  and  projection  of  objects  near  enough  to  be  seen 
V     in  different  views  with  the  two  eyes,  result  from  this  cause.     In  regard  to 
«    distant  objects,  however,  the  difference  in  the  images  formed  by  the  two 
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eyes  is  so  slight,  that  it  cannot  aid  in  the  determination;  and  hence  it  is 
that,  whilst  we  have  no  difficulty  in  distinguishing  a  picture,  however  well 
painted,  from  a  solid  object,  when  placed  near  our  eyes  (since  the  idea 
which  might  be  suggested  by  the  image  formed  on  one  eye,  will  then  be 
corrected  by  the  other),  we  are  very  liable  to  be  misled  by  a  delineation,  in 
which  the  perspective,  light  and  shade,  &c.  are  faithfully  depicted,  if  we 
are  placed  at  a  distance  from  it,  and  are  prevented  from  perceiving  that  it 
is  but  a  picture.  In  this  case,  however,  a  slight  movement  of  the  head  is 
sufficient  to  undeceive  us;  since  by  this  movement  a  great  change  would 
be  occasioned  in  the  perspective  view  of  the  object,  supposing  it  to  possess 
an  uneven  surface;  whilst  it  scarcely  affects  the  image  formed  by  a  picture. 
In  the  same  manner,  a  person  who  only  possesses  one  eye  obtains,  by  a 
slight  motion  of  his  head,  the  same  idea  of  the  form  of  a  body,  which 
another  would  acquire  by  the  simultaneous  use  of  his  two  eyes. 

341.  The  appreciation  of  the  distance  of  objects  may  be  easily  shown  to 
be  principally  derived  from  the  association  in  the  mind  of  visual  and  tactual 
sensations,  assisted,  in  regard  to  near  objects,  by  the  muscular  sensations 
derived  from  the  convergence  of  the  eyes.  Thus,  an  infant,  or  a  person 
who  has  but  recently  acquired  sight,  evidently  forms  very  imperfect  ideas 
regarding  the  distance  of  objects;  and  it  is  only  after  long  experience  that 
a  correct  notion  is  formed.  The  assistance  which  is  given  by  the  joint  use 
of  both  eyes,  is  evident  from  the  fact,  that,  if  we  close  one  eye,  we  are  un- 
able to  execute  with  certainty  many  actions  which  require  a  precise  appre- 
ciation of  the  distance  of  near  objects, — such  as  threading  a  needle,  or 
snuffing  a  candle.  In  regard  to  distant  objects,  our  judgment  is  chiefly 
founded  upon  their  apparent  size,  if  their  actual  size  be  known  to  us;  but, 
if  this  is  not  the  case,  and  if  we  are  so  situated  that  we  cannot  form  an 
estimate  of  the  intervening  space,  we  principally  form  our  estimate  from 
the  greater  or  less  distinctness  of  their  colour  and  outline.  Hence  this 
estimate  is  liable  to  be  greatly  affected  by  varying  states  of  the  atmosphere; 
as  is  well  known  to  every  one  who  has  visited  warmer  latitudes.  The 
extreme  clearness  of  the  air  sometimes  brings  into  an  apparently  near 
proximity,  a  hill  that  rises  beyond  some  neighbouring  ridge  (the  inter- 
vening space  being  hidden,  so  as  not  to  afford  any  datum  for  the  estimate 
of  the  distance  of  the  farther  hill),  and  which,  by  a  slight  haziness,  is  car- 
ried to  three  or  four  times  the  degree  of  apparent  remoteness.  It  is  pro- 
bable that,  in  the  lower  animals,  the  perception  of  distance  is  much  more 
than  it  is  in  ourselves. 

342.  Our  estimate  of  the  real  size  of  an  object  is  manifestly  connected 
with  that  of  its  distance.  The  apparent  size  is  dependent  upon  the  angle^^ 
at  which  its  rays  diverge,  to  impinge  upon  the  cornea;  this  angle  increaseasB 
with  the  proximity,  and  diminishes  with  the  remoteness,  of  the  ofoject^^ 
Our  estimate  of  the  comparative  size  of  near  objects,  of  whose  distances  w^^ 
can  become  aware  by  the  inclination  of  optic  axes,  is  much  more  correc-^ 
than  that  which  we  form,  when  one  or  both  are  far  removed;  since,  whei 
we  are  uncertain  as  to  its  distance,  we  cannot  form  a  judgment  of  the  rei 
size  of  a  body,  from  the  angle  at  which  its  rays  diverge.  Hence  our  est 
mate  of  the  size  of  objects  even  moderately  distant  is  much  influenced  b^ 
states  of  the  atmosphere.  Thus,  if  we  walk  across  a  common  in  a  fog, 
child  approaching  us  appears  to  have  the  size  of  a  man,  and  a  man  seei 
like  a  giant;  since  the  indistinctness  of  the  outline  excites  in  the  mind 
idea  of  distance;  and  an  object  seen  under  a  given  visual  angle  at  a  distanci 
must  of  necessity  be  much  larger  than  one,  of  which  the  apparent  size  ' 
the  same,  but  which  is  much  nearer.     The  want  of  innate  power  in  Man 
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form  a  true  conception  of  either  size  or  distance,  is  well  shown  by  the  effect 
produced  on  the  mind  unprepared  for  such  delusions,  by  a  skilfully  painted 
picture,  the  view  of  which  is  so  contrived,  that  its  distance  from  the  eye 
cannot  be  estimated  in  the  ordinary  manner;  the  objects  it  represents  are 
invested  by  the  mind  with  their  real  sizes  and  respective  distances,  as  if 
their  real  image  was  formed  upon  the  retina."^ 

343.  From  all  these  considerations  we  are  led  to  perceive  the  truth  of 
the  quaint  observation  made  by  Dr.  Brown, — that  ^'vision  is,  in  fact,  the 
art  of  seeing  things  which  are  invisible;*'  that  is,  of  acquiring  information,  by 
means  of  the  eye,  which  is  neither  contained  in  the  sensations  of  sight 
themselves,  nor  logically  deducible  from  the  intimations  which  those  sensa- 
tions really  convey.  We  cannot  too  constantly  bear  in  mind,  in  treating 
of  this  subject,  that  we  do  not  take  cognisance  by  our  optic  nerves,  as  we 
do  by  the  nerves  of  touch,  of  material  bodies  themselves,  but  of  the  pic- 
tores  or  images  formed  by  those  objects;  and  whatever  be  the  notions  sug- 
gested by  the  picture,  that  can  never  be  transformed  into  any  thing  else. 
These  notioDS  appear  to  be  in  the  lower  animals  entirely  of  an  intuitional 
or  instinctive  character;  in  Man  they  are  so  in  a  much  less  degree;  and 
al though  it  is  impossible  to  come  to  a  precise  conclusion  on  the  subject, 
from  the  want  of  sufficient  data,  it  is  indubitable  that  a  large  part  of  the 
knowledge  of  the  external  world,  which  he  derives  in  the  adult  condition 
from  the  use  of  his  eyes  alone,  is  really  dependent  upon  the  early  education 
of  his  perceptive  powers,  in  which  process,  the  sensations  conveyed  by 
different  organs  are  brought  to  bear  on  one  another. 

344.  The  persistence,  during  a  certain  interval,  of  impressions  made 
upon  the  retina,  gives  rise  to  a  number  of  curious  visual  phenomena.     The 
prolongation  of  the  impression  will  be  governed  in  part  by  its  previous 
duration.     Thus,  when  we  rapidly  move  an  ignited  point  through  a  circle, 
the  impression  itself  is  momentary,  and  remains  but  for  a  short  time;  whilst, 
if  we  have  been  for  some  time  looking  at  a  window,  and  then  close  our 
eyes,  the  impression  of  the  dark  bars  traversing  the  illuminated  space  is 
preserved  for  several  seconds.     Such  phenomena  can  here  be  only  briefly 
adverted  to.     One  of  these  is  the  combination  into  one  image  of  two  or 
more  objects  presented  to  the  eye  in  successive  movements;  but  these  must 
be  of  a  kind  which  can  be  united,  otherwise  a  confused  picture  is  produced. 
Thus  in  a  tittle  toy,  called  the  Thaumatrope,  which  was  introduced  some 
years  ago,  the  two  objects  were  painted  on  the  opposite  sides  of  a  card, — 
a  bird,  for  instance,  on  one,  and  a  cage  in  the  other;  and,  when  the  card 
was  made  (by  twisting  a  pair  of  strings)  to  revolve  about  one  of  its  diame- 
ters, in  such  a  manner  as  to  be  alternately  presenting  the  two  6ides  to  the 
eye  at  minute  intervals,  the  two  pictures  were  blended,  the  bird  being  seen 
in  the  cage.     A  far  more  curious  illusion,  however,  was  that  first  brought 
into  notice  by  Mr.  Faraday;  who  showed  that,  if  two  toothed  wheels, 
placed  one  behind  the  other,  be  made  to  revolve  with  equal  velocity,  a  sta- 
tionary spectrum  will  be  seen;  whilst  if  one  be  made  to  revolve  more  rapidly 
than  the  other,  or  the  number  of  teeth  be  different,  the  spectrum  also  will 
revolve.     The  same  takes  place  when  a  single  wheel  is  made  to  revolve 
before  a  mirror;  the  wheel  and  its  image  answering  the  purpose  of  the  two 
wheels  in  the  former  case.     On  this  principle  a  number  of  very  ingenious 
toys  have  been  constructed;  in  some  of  these,  the  same  figure  or  object  is 

•  This  delusion  has  been  extremely  complete  in  some  of  those  who  have  seen  the 
panoramic  view  of  London  in  the  Coliseum.    A  lively  and  interesting  account  of  it 
^  given  in  the  Joarnal  of  the  Parsee  Shipbuilders,  who  recently  visited  England. 
32 
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seen  in  a  vnriely  of  posiiiona;  and  tlie  impreasions  of  ihosp,  passing  rapully  I 
berore  ihe  eye,  give  rise  by  iheir  combination  lo  the  idea,  thai  the  object  is 
itself  moving  through  these  positions.     Similar  illusions  may  be  produced 
in  re^fard  to  colour. 

315.  When  the  Relinu  haa  been  exposed  for  some  time  lo  n  strong  im- 
pression of  some  parlicuhir  kind,  it  seems  less  suseeplible  of  feebler  im- 
pressioDs  of  llie  same  kind.  Thus,  if  we  look  at  any  brightly  luminous 
object,  and  then  turn  our  eyes  on  a  sheet  of  white  paper,  we  shall  perceive 
a  dark  spot  upon  it;  the  portion  of  the  retina  which  had  been  affecled  by 
the  bright  image  not  being  able  to  receive  an  uupressiun  from  the  fainter 
rays  reflected  by  the  pnper.  The  dark  spectrum  does  not  at  once  dis- 
appear, bnt  assumes  different  colours  in  succession, — these  being  expres- 
sions of  the  stales  ihrough  which  ihe  retina  passes,  in  ils  transition  lo  the 
natural  condition.  If  the  eye  has  received  a.  strong  impression  from  a 
coloured  object,  the  spectrum  exhibits  the  complementary  colour;*  thus, 
if  the  eye  be  fixed  for  any  length  of  time  upon  a  bright  red  spot  on  a  whits 
ground,  and  be  then  suddenly  turned  so  as  to  rest  upon  the  white  lurfnce, 
we  see  n  spectrum  of  a  green  colour.  The  same  explanation  applies  to  the 
curious  phenomenon  of  coloured  shadows.  It  may  not  unfrcijuently  bo 
observed  at  sunset,  thai,  when  the  light  of  ilie  sun  actiuires  a  bright  oringa 
colour  from  the  clouds  through  which  it  passes,  the  shadows  cast  by  it  hsva 
a  bine  tint.  Again,  in  a  room  with  red  curtains,  the  light  which  psssaa 
llirough  these  produces  green  shadows.  In  both  instances,  n  strong  im- 
pression of  one  colour  is  made  on  the  general  surface  of  the  retina;  and  lit 
any  particular  spots,  therefore,  at  which  the  light  is  colourless  bui  very 
faint,  that  colour  is  not  perceived,  its  complement  only  being  visible.  Thv 
correctness  of  this  explanation  is  proved  by  the  fact,  that,  if  the  shadow  b« 
viewed  through  a  lube  in  such  a  manner  that  ihe  coloured  ground  ■•  es* 
eluded,  it  seems  like  an  ordinary  shadow.  It  is  not  unlikely  thai,  as  Mlik 
ler  suggeais,  the  predominant  action  of  one  colour  on  the  retina  disturbs  ' 
it  were)  the  equilibrium  of  its  condition,  and  excites  in  il  a  tendency  lo 
development  of  a  stale,  corresponding  to  ihat  which  is  produced  by  ihs 
pression  of  the  complementary  colour;  for  ihe  lallor  is,  according  to  hi 
perceived  even  where  il  does  not  exist; — «b  when  the  eye,  after  recei 
a  strong  impression  from  a  coloured  spot,  and  directed  upon  >  compU 
dark  surface  or  Into  a  dark  cavity,  stdl  perceives  the  spectrum.    Upon  lh( 

Eroperties  of  the  eye  are  founded  the  laws  of  harmonious  colonriog.  whi 
ave  an  obvious  analogy  with  those  of  rousieal  hannony.  All  comptooii 
tary  colours  have  an  agreeable  etfecl,  when  judiciously  dippoted  in  combl^ 
nation:  and  all  bright  colours  which  are  not  complementary  have  s  dis- 
agreeable effect,  if  they  are  predominant:  this  is  especially  the  crmt  in 
regard  to  the  simple  colours,  strong  combinations  of  any  Ivo  of  which, 
wilhoui  any  colour  that  is  complemeuiary  to  either  of  them,  are  exirciuely 
offensive.  Painters  who  are  ignorant  of  these  laws,  introduce  a  largv 
quantity  of  dull  grey  into  their  pictures,  in  order  to  diminish  the  slarioff 
•lfccl«  which  they  would  otherwise  produce;  but  this  benefit  is  obtaiued 
by  K  sicrifice  of  the  vividness  and  force,  which  may  be  obtained  in  com- 
binatjnn  with  the  richest  harmony,  by  a  proper  siteotion  lo  physiolofinl 
principles. 

■  By  the  compiemrniary  ciilniir  is  nieaei,  lliai  «tilcb  wnolil  W  r^qalrrd  lo  nuke 
whhe  or  cuIouHpu  llebi,  whea  niiiol  wiih  ib(  uri^nal.  Kid,  blur,  tn-l  rcllo*. 
belns  die  primacy  or  eUnttntary  ci)iouf».  icO  i«  the  ciioijilemeiit  of  fr«o  (wlkb  1» 
complied  of  vcllow  and  btae);  blue  is  ihe  compIfmeDt  or  unoft  (r«il  aB<l  falla*}; 
and  yellow  of  par pir  (red  anrl  blnc\  aod  vies  nnk  Id  all  Instaociw. 
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346.  Some  persons,  who  can  perfectly  distinguisli  forms,  are  deficient, 
tbroagh  some  original  peculiarity  in  the  constitution  of  the  retina,  in  the 
power  of  discriminating  colours.  This  is  most  commonly  seen  in  regard 
to  the  complementary  colours,  especially  red  and  green;  such  persons  not 
being  able  to  perceive  cherries  amidst  the  leaves  on  a  tree,  except  by  the 
difference  of  their  form.  Several  distinct  varieties  of  this  affection  may  be 
distinguished,  however;  and  these  have  been  classified  by  Leebeck.* 

347.  Amongst  other  curious  phenomena  of  Vision  is  the  vanishing  of 
images  which  fall  at  the  entrance  of  the  optic  nerve,  as  is  shown  in  the 
following  experiment.  Let  two  black  spots  be  made  upon  a  piece  of  paper, 
about  four  or  five  inches  apart;  then  let  the  left  eye  be  closed,  and  the  right 
eye  be  strongly  fixed  upon  the  left  hand  spot.  If  the  paper  be  then  moved 
backwards  and  forwards,  so  as  to  change  its  distance  from  the  eye,  a  point 
will  be  found  at  which  the  right-hand  spot  is  no  longer  visible;  though  it  is 
clearly  seen  when  the  paper  is  brought  nearer  or  removed  further.  In  this 
position  of  the  eye  and  object,  the  rays  from  the  right-hand  spot  cross  to 
the  nasal  side  of  the  globe,  and  fall  upon  the  point  of  the  retina,  which  has 
just  been  mentioned.  The  phenomenon  is  not  confined  to  that  spot,  how- 
ever; nor  is  it  correct  to  say,  as  is  sometimes  done,  that  the  retina  is  not 
sensible  to  light  at  that  point;  since,  if  such  were  the  case,  we  should  see 
a  dark  spot  in  our  field  of  view  whenever  we  use  only  one  eye.  The  fact 
is  that  a  similar  phenomenon  may  occur  under  somewhat  different  condi- 
tions, in  any  division  of  the  retina,  especially  in  its  lateral  parts.  Thus,  if 
we  fix  the  eye  for  some  time,  until  it  is  fatigued,  upon  a  strip  of  coloured 
paper  lying  upon  a  white  surface,  the  image  of  the  coloured  object  will  in 
a  short  time  disappear,  and  the  white  surface  will  be  seen  in  its  place;  the 
disappearance  of  the  image,  however,  is  only  of  a  few  seconds  duration.  The 
tmth  seems  to  be,  that  tliere  is  a  tendency  in  the  retina  to  the  propagation, 
over  neighbouring  parts,  of  impressions  which  occupy  a  large  proportion 
of  its  sarface;  and  that  Uiis  tendency  is  the  strongest,  around  the  point  at 
which  the  optic  nerve  enters,  so  that  thq  state  of  this  part  will  generally 
become  similar  to  that  of  the  surrounding  portion  of  the  retina.  Hence, 
▼ben  we  are  using  one  eye  only,  we  do  not  perceive  any  dark  spot  in  the 
field,  but  only  a  portion  in  which  no  distinct  image  is  formed  of  the  part  of 
the  object  before  it. 

348.  Under  particular  circumstances  we  may  receive  a  visual  representa- 
tion of  the  retina  itself;  as  is  shown  by  the  experiment  of  Purkinje.  **  If, 
in  a  room  otherwise  dark,  a  lighted  candle  be  moved  to  and  fro,  or  in  a 
eircle,  at  the  distance  of  six  inches  before  the  eyes,  we  perceive,  after  a 
^hort  time,  a  dark  arborescent  figure  ramifying  over  the  whole  field  of 
nsion;  this  appearance  is  produced  by  the  vasa  centralia  distributed  over 
the  retina,  or  by  the  parts  of  the  retina  covered  by  those  vessels.  There 
ue,  properly  speaking,  two  arborescent  figures,  the  trunks  of  which  are 
not  coincident,  but  on  the  contrary  arise  in  the  right  and  left  divisions  of 
the  field,  and  immediately  take  opposite  directions.  One  trunk  belongs  to 
each  eye,  but  their  branches  intersect  each  other  in  the  common  field  of 
vision.  The  explanation  of  this  phenomena  is  as  follows: — By  the  move- 
ment of  the  candle  to  and  fro,  the  light  is  made  to  act  on  the  whole  extent 
of  the  retina,  and  all  the  parts  of  the  membrane  which  are  not  immediately 
covered  by  the  vasa  centralia  are  feebly  illuminated;  those  parts,  on  the 
contrary,  which  are  covered  with  those  vessels  cannot  be  acted  on  by  the 
^igbt,  and  are  perceived,  therefore,  as  dark  arborescent  figures.     These 

♦  Moller's  Physiology,  p.  1213. 
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figures  appear  to  lie  before  ihe  eye,  and 

vision. "•    We  have  ihus  anoihe     ' 

vision,  the  immediate  object  a( 

retina,  which  is  exciied  by  the  forraaiion  of  a  luminous  image. 

Sense  of  Hearing. 

349.  In  the  Ear  as  in  ihe  Eye.  the  impressions  made  upon  the  sensory 
nerve  are  not  at  once  made  by  ihe  body  vhich  originates  the  Bensniion;  hut 
they  are  propagated  to  it  ihrough  a  medium  capable  of  transmiliing  them. 
Here  loo.  iherefore.  we  take  cognisance  by  the  mind,  not  of  ilie  sonoroas 
object,  but  of  ihe  condition  of  the  auditory  nerve;  and  all  the  ideas  we  form 
of  sounds,  as  to  their  nature,  intensity,  direction,  iic.,  must  be  based  upon 
the  changes  which  they  produce  in  it.     The  complex  comrirances  which 
we  meet  with  in  the  organ  of  hearing  among  higher  animals,  are  evi- 
dently intended  to  give  ihem  greater  power  of  discriminating  sounds,  thaa 
is  possessed  by  Ihe  lower  tribes,  in  which  it  is  reduced  lo  a  form  si 
that  it  may  be  questioned  whether  ihey  can  be  said  lo  possess  nn  organ  a 
hearing,  if  by  ibis  term  we  imply  any  thing  more  than  the  mere  conscra 
ness  of  sonorous  vibrations.     There  is  a  considerable  difference.  howe« 
between  the  Eye  and  the  Ear,  in  regard  to  the  special  purposes  for  whiq 
ihey  are  respenliTely  adapted.     In  the  former  we  have  seen,  thai  the  whoff 
object  of  ihe  instrumeni  was  to  direct  the  rays  of  light  received  by  it  ft 
such  a  manner,  as  to  occasion  them  lo  fall  upon  the  expansion  of  ihe  opP 
nerve  in  the  same  relative  position,  and  with  corresponding  proporiion 
intensity,  wiih  that  which  ihey  possessed  when  issuing  from  the  objec 
We  have  no  reason  lo  believe  any  thing  of  this  kind  to  be  the  purpose  of  the  ~ 
ear;  indeed  it  would  be  inconsistent  with  the  laws  of  the  propsgiiiion  of 
sound.     Sonorous  vibrations  having  the  most  various  directions,  and  the 
most  equnl  rule  of  sueeessinn,  are  transmitted  by  all  media  without  modifi- 
caiion,  however  numerous  their  lines  of  intersection;  snd  wherever  thcM 
undulslions  fall  upon  the  auditory  nerve,  they  must  cause  the  sensAiit 
corresponding  sounds.     Still  it  is  probable  that  some  portions  of  the 
plex  orifBn  of  htaring  in  Man  and  in  the  higher  animals,  are  more  ndapta 
than  others  to  receive  impressions  of  a  pariicular  charscler;  and  thai  iT  " 
we  may  be  especially  informed  of  the  direction  of  a  sound  by  one  t 
of  the  organ,  of  its  musical  lone  hy  another,  and  of  some  other  of  ' 
qualities    hy  a  third.     In  our  inquiries  into  this  ill-understood  iuhje* „^_ 
we  shall  commence  with  a  brief  survey  of  the  comparative  stmclore  of  tb*™ 
organ. 

860.  The  essential  part  of  an  Organ  of  Hearing  being  obviously  a  nerre 
eridowcd  with  the  peculiar  property  of  receiving  and  iransmiltinj^  sononms 
undulalions,  it  is  by  no  means  indispensable  that  a  special  provioion  should 
he  made  for  this  purpose;  since  iJie  auditory  nerve,  if  mcrelv  in  contan 
with  the  solid  parts  of  the  head,  will  be  affected  by  the  vibraltoiu  in  which 
it  is  continually  participating.  Hence  we  most  noi  imagine  the  senM  lo 
bo  absent,  wherever  we  cannot  discover  a  special  organ.  It  i*  among  the 
highest  only  of  the  Invertebrate  animals,  ihat  any  «uch  special  orjptn  pre- 
■ents  iiBcIf;  and  then  only  in  a  very  simple  form.  Thus  in  the  Cmataora 
and  Cephalopoda,  the  ear  consists  of  n  small  cavity  excavated  in  the  ixtlii 
frame-work  of  the  head;  this  cavity  is  lined  with  a  membrane,  on  whieh 
ihe  nervo  i»  distribuied;  and  it  is  filled  with  n  watery  fluid.     In  aoBis 
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instances,  the  cavity  is  completely  shut  in  by  its  solid  walls;  and  the 
sonorous  vibrations  can  then  only  be  communicated  through  these:  but  in 
the  higher  forms  of  this  apparatus,  there  is  a  small  aperture  covered  with 
a  membrane,  upon  which  the  external  medium  can  at  once  act.  In  tracing 
this  most  simple  into  the  more  complex  forms,  it  is  at  once  seen  that  the 
cavity  corresponds  with  the  vestibule  of  the  ear  of  higher  animals,  and 
its  opening  with  the  fenestra  ovalis.  In  the  lowest  Cyclostome  Fishes, 
the  organ  is  but  little  more  complicated;  from  the  vestibule  proceeds  a 
single  annular  passage,  which  may  be  considered  as  a  semi-circular  canal; 
and  the  auditory  nerve  is  distributed  minutely  upon  its  lining  membrane, 
as  upon  that  of  the  vestibule  itself.  In  species  a  little  higher  in  the  scale, 
two  such  canals  exist;  these  are  present  in  the  Lamprey.  And  in  all  the 
rest  of  the  class,  three  semi-circular  canals  are  found,  holding  the  same 
direction  in  regard  to  each  other  as  they  do  in  Man.  Within  the  vestibular 
sac  of  Fishes  are  found  calcareous  concretions,  which  are  pulverulent  in 
the  Cartilaginous,  but  hard  and  stony  in  the  Osseous  tribes;  to  these  the 
name  of  Otolithes  has  been  given.  Some  rudiments  of  a  tympanic  cavity 
may  be  found  in  Fishes;  but  there  is  no  vestige  of  a  cochlea:  in  several 
tribes  the  organ  of  hearing  possesses  a  peculiar  connection  with  the  air- 
bladder;  which  appears  to  be  a  foreshadowing  of  the  Eustachian  tube  of 
higher  classes. 

351.  In  the  true  Reptiles,  a  considerable  advance  is  constantly  to  be  found 
in  the  character  of  the  Ear;  a  tympanic  cavity  being  added,  with  a  drum 
and  a  chain  of  bones;  and  a  rudiment  of  the  cochlea  being  generally  dis- 
coverable.    Among  the  Amphibia,  however,  which  are  in  so  many  respects 
intermediate  between  the  true  Reptiles  and  Fishes,  there  is  a  remarkable 
variation  in  this  respect, — some  having  a  tympanum,  and  some  being  com- 
pletely destitute  of  it.     Wherever  a  tympanic  cavity  distinctly  exists,  there 
is  an  Eustachian  tube  connecting  it  with  the  fauces.     This  cavity,  in  the 
troe  Reptiles,  not  only  possesses  the  fenestra  ovalis  (or  opening  into  the 
vestibule)  but  the  fenestra  rotunda  (or  opening  into  the  cochlea).     The 
membrana  tympani  is  usually  visible  externally;  but  it  is  sometimes  covered 
by  the  skin.     In  Birds  the  structure  of  the  ear  is  essentially  the  same  as 
in  the  higher  Reptiles.     A  distinct  cochlea  exists,  though  its  form  is  not 
spiral  but  nearly  straight:  of  its  character,  however,  there  can  be  no  doubt; 
a  division  into  two  passages,  by  a  membranous  partition  on  which  the  nerve 
is  spread  out,  being  evident.     Moreover  the  tympanum  communicates  with 
earities  in  the  cranial  bones,  which  are  thus  filled  with  air,  and,  by  increas- 
ing the  extent  of  surface,  produce  a  more  powerful  resonance.     There  is 
no  external  ear,  except  in  a  few  species  of  nocturnal  Birds.     In  Mammalia 
the  organ  of  hearing  is  usually  formed  upon  the  same  plan  as  it  presents 
in  Man;  in  the  Monotremata,  however,  it  more  approaches  that  of  Birds. 
The  cochlea  of  the  Mammalia  in  general  is  a  spiral,  forming  about  two 
tnms  and  a  half;  the  partition  which  divides  its  canal  is  partly  osseous, 
partly  membranous;  and  its  two  passages  communicate  with  the  tympanic 
cavity  and  the  vestibule  respectively.     The  cavity  of  the  tympanum  is 
▼ery  large  in  some  species,  extending  even  into  the  contiguous  bones.     All 
the  Mammalia  except  the  aquatic  tribes  have  an  external  ear;  and  this  is 
sometimes  of  an  enormous  size  in  proportion  to  the  dimensions  of  the 
My,  as  it  is  in  the  Bats.     The  labyrinth  of  the  higher  Vertebrata  contains 
^0  otolithes. 

352.  The  ultimate  terminations  of  the  fibres  of  the  auditory  nerve  in 
Qkinute  papillie,  are  best  seen  in  the  lamina  spiralis  of  the  cochlea  and  its 
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Fig,  25.  membranous  prolongation.    Much  ilivereily 

exists,  however,  as  to  the  interpreialioa  of 
tlie  appearances  there  seen;  some  observers 
affirming  thai  ihere  are  no  free  or  papillary 
terminations,  and  that  the  nervous  fibres  all 
return  by  loops;  whilst  others  slate  that  the 
papillie  are  clearly  to  be  distinguished. 
The  fact  appears  to  be  tliat,  as  in  the  retina, 
the  fibres  do  form 
fibres  are  connect 
or  rather 
ditory  ne 

P«pm»Oflll8A<l<lllOfJil»rTP,oiiaiBg.    l,,,-,!  , 
m6iilofihPipi™lUm1n<.ofil.«c«hle.     "Oieu  <  , 

nf  ■  young  Mduis:  ihe  lower  gnnion  u   and  semicircular  canals;  and  m  the  ampulh 
ujBCMeiiaMuiduiohisherilio  mombm-  ©r  dilated  extremities  of  the  latter,  there  are 
u'^^^^Tn'uia^.  '"'«"'°~'-""  little  projeclionsof  this  membrane  inieraally. 
which  are  largely  supplied  with  nerves, 
353.  In  order  to  gain  any  definite  idea  of  the  uses  of  different  parts  of 
the  Eat,  it  is  necessary  to  bear  in  mind,  that  sounds  may  be  prnpagaled 
amongst  solid  or  fiuid  bodies  in  three  ways, — by  redprocalwn,  by  restmance. 
and  by  coniiuction. — 1.  Vibrations  of  reciprocation  are  excited  in  a  sound- 
ing body,  when  it  is  capable  of  yielding  a  musical  tone  of  definite  pitch, 
and  another  body  of  the  same  pitch  is  made  to  sound  near  it.     Thus  if  two 
sinngs  of  the  same  length  and  tension  be  placed  alongside  of  each  other, 
snd  one  of  them  be  sounded  with  a  violin-bow,  the  other  will  be  thrown 
into  reciprocal  vibration:  or  if  tlie  same  tone  be  produced  near  the  string  in 
any  other  manner,  as   by  a  flute,  or  a  tuning-fork,  the  same  effect  will 
result. — 2.  Vibrations  of  resonance  are  of  somewhat  the  same  character; 
but  they  occur  when  a  sounding  body  is  placed  in  connection  with  any 
other,  of  which  one  or  more  parts  are  capable  of  being  thrown  into  recip- 
rocal vibration,  even  though  the  lone  of  the  whole  be  dilferent,  or  it  be  not 
capable  of  producing  a  definite  tone  at  all.     This  is  ihe  case,  for  example, 
when  a  tuning-fork  in  vibration  is  placed  upon  a  sound-board;  even  thoujb 
the  whole  board  have  no  definite  fundamental  note,  it  will  divide  itself  into 
B  number  of  parts  which  will  reciprocate  the  original  sound,  so  as  grcatljr 
to  increase  its  intensity;  and  the  same  sound-board  will  act  equally  well,  fuc 
tuning-forks  of  several  different  degrees  of  pitch.     When  a  smaller  body  i« 
used  for  resonance,  however,  it  is  essential  that  tliere  should  be  a  reUlitM 
between  its  fundamental  note'  and  that  of  the  sonorous  body;  otherwise  no 
distinct  resonance  is  produced.     Thus,  if  a  tuning-fork  in  vibration  be  hslJ 
over  a  column  of  air  in  a  lube,  of  such  a  length  that  the  same  note  wouM 
be  given  by  its  vibration,  its  sound  will  be  reciprocated.     Bui  if  it  bo  belli 
over  a  pipe,  the  column  of  air  in  which  is  a  multiple  of  this,  tho  calaffl" 

•  Thc/«iu(flm«tWi  nolt  of  a  body  is  the  lowest  tone  which  it  will  yitld,  when  >*■ 
whole  uf  ii  is  iu  vibranou  (ogeiher.  By  dividiag  the  body  into  two  or  mnre  dliU^'' 
narL<i,  Ji  may  be  uude  Iu  give  a  greal  vaiieiy  ufsoands,  Tlius,  if  a  stretched  iii<^ 
be  divided  by  a  bridge  into  two  eqiial  parts,  each  will  sound  the  ociavKoftlic  Ais^ 
menial  note,  or  8ih  nole  above  il.  Ifii  be  divided  into  three  parts,  each  will  gi""** 
IQth  above  (he  rnndaineiital  note;  ifiDlo  four,  the  15lb  or  double  oeUve  will  be  he*™ 
it"  into  five,  the  17ih;  if  into  sii,  ibe  I9ih:  If  into  seven,  the  304ih  (flat  sevenih  »V^  j 
the  second  octave);  if  into  eiglil,  ibe  9^nd  or  triple  orlsve.  A  Klring  forctbl|  « 
vibration  has  a  lendeocy  to  sound  Iheso  harmonics  with  ihc  futi  da  mental  OOK 
sponlsneous  division  into  several  distinct  segmenla  of  vibration;  nsmiybc  i 
made  evident,  by  siriidng  one  of  the  lower  keys  of  the  piano,  and  listeaiog  f 
sounds  heard  whilst  ihe  tandamental  note  is  dying  away. 
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will  diTide  itself  into  that  number  of  shorter  parts,  each  of  which  will  recip- 
rocate the  original  sound,  and  the  total  action  will  be  one  of  resonance. — 
3.  Vibrations  of  conduction  are  the  only  ones  by  which  sounds  can  strictly 
be  said  to  be  propagated.  These  are  distinguishable  into  various  kinds, 
into  which  it  is  not  requisite  here  to  inquire.  It  should  be  remarked,  how- 
eTen,  that  all  media,  fluid,  liquid,  or  solid,  are  capable  of  transmitting  sound 
in  this  manner,— -a  vacuum  being  the  only  space  through  which  it  cannot 
pass.  The  transmission  is  usually  much  more  rapid  through  solid  bodies 
than  through  liquid,  and  through  liquid  than  through  gaseous.  The  greatest 
diminntion  in  die  intensity  of  sound  is  usually  perceived,  when  a  change 
takes  place  in  the  medium  through  which  it  is  propagated,  especially  from 
the  aeriform  to  the  liquid. 

354.  The  detailed  application  of  these  principles  has  been  most  elabo- 
rately worked  out  by  Miiller;  and  the  following  statement  of  what  may  be 
regarded  as  the  present  state  of  our  knowledge  of  the  subject,  is  little  more 
than  an  abstract  of  his  results.     Considering  it  desirable,  in  the  first  place, 
to  establish  die  conditions  under  which  those  animals  hear,  that  are  con- 
stantly immeised  in  water,  he  made  a  series  of  experiments,  from  which 
he  draws  the  following  conclusions: — ^i.  Sonorous  vibrations  excited  in 
water  are  imparted  with  considerable  intensity  to  solid  bodies. — ii.  So« 
noroas  Tibrations  of  solid  bodies  are  communicated  with  greater  intensity 
to  other  8<^id  bodies  brought  in  contact  with  them,  than  to  water;  but  with 
moch  greater  intensity  to  water  than  to  atmospheric  air.— in.  Sonorous 
vibrations  are  communicated  from  air  to  water  with  great  difficulty,— with 
very  much  grreater  difficulty  than  they  are  propagated  from  one  part  of  the 
air  to  another;  but  their  transition  from  air  to  water  is  much  facilitated  by 
the  intervention  of  a  membrane  extended  between  them. — ^iv.  Sonorous 
vibrationa  are  not  only  imparted  from  water  to  solid  bodies  with  definite 
surfaeea  which  are  in  contact  with  the  water,  but  are  also  returned  with 
increased  intensity  by  these  bodies  to  the  water;  so  that  the  sound  is  heard 
loodly  in  the  vicinity  of  those  bodies,  in  situations  where,  if  it  had  its  origin 
in  the  conducting  power  of  water  alone,  it  would  be  faint. — ^v.  Sonorous 
undulations,  propagated  through  water,  are  partially  reflected  by  the  sur- 
faces of  solid  bodies.— VI.  Thin  membranes  conduct  sound  in  water  with- 
out any  loss  of  its  intensity,  whether  they  be  tense  or  lax.     From  in., 
IV.,  and  vi.,  we  learn  the  mode  in  which  the  sound  is  conducted  to  the  ear 
IB  aquatic  animals  not  breathing  atmospheric  air.    The  labyrinth  of  such  is 
either  entirely  enclosed  within  the  bones  of  the  head,  as  in  the  Cephalo- 
poda, and  in  the  Cyclostome  and  Osseous  Fishes;  or,  its  cavity  being  pro- 
longed to  the  surface  of  the  body,  it  is  there  brought  into  communication 
with  the  conducting  medium  by  means  of  a  membrane,  besides  receiving 
the  vibrations  through  the  medium  of  the  solids  of  the  body,  as  is  the  case 
io  Cartilaginous  Fishes  and  Crustacea.  It  would  seem  as  if,  in  the  Osseous 
Fishes,  the  resonance  of  the  cranial  bones  in  which  the  labyrinth  is  im- 
bedded, were  sufficient  to  give  the  requisite  increase  of  intensity  to  the 
•oimd;  whilst  in  the  Cartilaginous  orders,  the  softness  of  these  bones  ren- 
tiers some  other  means  necessary.     In  addition  to  this,  we  find  in  many 
Pishes  a  communication  with  the  air-bladder,  which  indeed  seems  to  have 
n  these  little  other  use.     The  mode  in  which  this  increases  by  resonance 
L      ^e  intensity  of  the  sounds,  will  appear  from  the  following  experimental 
I      conclusions.— VII.  When  sonorous  vibrations  are  communicated  from  water 
%     y>  air  enclosed  in  membranes  or  solid  bodies,  a  considerable  increase  in  the 
%    Intensity  of  the  sound  is  produced  by  the  resonance  of  the  air  thus  circum- 
%    ^bed.— vm.  A  body  of  air  enclosed  in  a  membrane,  and  surrounded  by 
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water,  also  increases  the  intensity  of  the  sound  by  resonance,  when  the 
sonorous  undulations  are  communicated  to  it  by  a  solid  body. — From  these 
observations  it  may  be  concluded  that  the  air-bladder  of  Fishes,  in  addition 
to  other  uses,  serves  the  purpose  of  increasing  by  resonance  the  intensity  of 
the  sonorous  undulations  communicated  from  the  water  to  the  body  of  the 
Fish.  Moreover,  as  the  conducting  and  resonant  power  of  the  air  in  tlie 
air-bladder  is  greater  in  proportion  to  its  density,  the  influence  of  this  organ 
on  the  perception  of  sounds  will,  of  course,  be  greater  in  deep  waters,  where 
the  pressure  upon  it  is  considerably  increased. 

355.  Most  animals  living  in  air  are  provided  with  the  opening  into  the 
vestibule,  covered  by  a  thin  membrane;  and,  in  the  majority  of  cases,  with 
the  tympanic  apparatus  also.  The  following  experimental  results  bear 
upon  the  manner  in  which  the  Ear  of  such  animals  is  aflected  by  sound.— 

IX.  Sonorous  undulations,  in  passing  from  air  directly  into  water,  suffer  a 
considerable  diminution  in  their  strength;  while,  on  the  contrary,  if  a  tense 
membrane  exists  between  the  air  and  water,  the  sonorous  undulations  are 
communicated  from  the  former  to  the  latter  medium  with  great  intensity. — 

X.  The  sonorous  vibrations  are  also  communicated  without  any  perceptible 
loss  of  intensity  from  the  air  to  the  water,  when  to  the  membrane  forming 
the  medium  of  communication  there  is  attached  a  short  solid  body,  which 
occupies  the  greater  part  of  its  surface,  and  is  alone  in  contact  with  the 
water. — xi.  A  small  solid  body,  fixed  in  an  opening  by  means  of  a  border 
of  membrane,  so  as  to  be  movable,  communicates  sonorous  vibrationa, 
from  air  on  one  side,  to  water  or  the  fluid  of  the  labyrinth  on  the  other, 
much  better  than  solid  media  not  so  constructed.  But  the  propagation  of 
sound  to  the  fluid  is  rendered  much  more  perfect,  if  the  solid  conductor  thus 
occupying  the  opening  is  by  its  other  end  fixed  to  the  middle  of  a  tense 
membrane,  which  has  atmospheric  air  on  both  sides. — The  fact  stated  in 
IX.  is  evidently  one  of  great  importance  in  the  physiology  of  hearing;  and 
fully  explains  the  nature  of  the  process  in  those  animals  which  receive  the 
sonorous  vibrations  through  air,  but  have  no  tympanic  apparatus.  In  x.  we 
have  the  elucidation  of  the  action  of  the  fenestra  ovalis,  and  of  the  movable 
plate  of  the  stapes  which  occupies  it,  in  animals  living  in  air  but  destitute 
of  tympanic  apparatus;  this  is  naturally  the  case  in  many  Amphibia;  and 
it  may  happen  as  the  result  of  disease  in  the  Human  subject.  In  xi.  we 
have  a  very  interesting  demonstration  of  the  purpose  and  action  of  the 
tympanum,  in  the  more  perfect  forms  of  the  auditory  apparatus.  We  are 
now  prepared  to  inquire,  in  somewhat  more  detail,  into  the  action  of  the 
different  parts  of  tliis;  and  it  will  be  better  to  commence  with  that  of  tlkfi 
internal  ear,  the  accessory  organs  being  afterwards  considered. 

356.  The  object  of  the  Membrana  Tympani  is  evidently  to  receive  tV^e 
sonorous  undulations  from  the  air,  in  such  a  manner  as  to  be  thrown  %3y 
them  into  a  reciprocal  vibration,  which  is  to  be  communicated  to  the  cb^iD 
of  bones.     This  membrane  is  in  its  usual  state  rather  lax  than  tense;  ^tii 
this  laxity  is  found  by  experiment  to  be,  for  a  small  membrane,  the  t>>«9< 
condition  for  the  propagation  of  ordinary  sounds.     This  is  easily  reud&Mied 
sensible  in  one^s  own  person;  for  an  increased  tension  may  be  given  to    ^^^ 
membrana  tympani,  either  by  holding  the  breath  and  forcing  air  into    the 
Eustachian  tube,  so  as  to  distend  it  from  within,  or  by  exhausting  the  caWO^» 
so  as  to  cause  the  external  air  to  make  increased  pressure  upon  it     fB 
either  case  the  hearing  is  found  immediately  to  become  indistinct    I<  " 
observed,  however,  that  grave  and  acute  sounds  are  not  equally  aflected  ^f 
this  action;  for  the  experimenter  renders  himself  deaf  to  grave  souBdif       ' 
wliilst  acute  sounds  are  heard  even  more  distinctly  than  before.    This  6c<     / 
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is  easily  understood,  by  referring  to  the  laws  of  acoustics  already  referred 
to.  The  greater  the  tension  to  which  the  membrana  tympani  is  subjected, 
the  more  acute  will  be  its  fundamental  tone;  and  as  no  proper  reciprocation 
can  take  place  in  it  to  any  sound  lower  than  its  fundamental  tone,  its  power 
of  repeating  perfectly  the  vibrations  proper  to  the  deeper  notes  will  diminish. 
The  nearer  a  sound  approaches  to  the  fundamental  note  proper  to  the  tense 
membrane,  the  more  distinctly  will  it  be  heard.  On  the  other  hand,  when 
the  membrane  is  in  its  natural  lax  condition,  its  fundamental  note  is  very 
low,  and  it  is  capable  of  repeating  a  much  greater  variety  of  sounds;  for, 
when  it  receives  undulations  of  a  higher  tone  than  those  to  which  the  whole 
membrane  would  reciprocate,  it  divides  itself  into  distinct  segments  of  vibra- 
tion, which  are  separated  by  lines  of  rest;  and  every  one  of  these  recipro- 
cates the  sound,*  at  the  same  time  rendering  it  more  intense  by  multipli- 
cation. These  facts  enable  us  to  understand  the  influence  of  the  tensor 
tympani  mnscle,  in  modifying  the  tension  of  the  membrane,  and  thus  causing 
it  U>  Tibiate  in  reciprocation  to  sounds  having  a  great  variety  of  fundaments! 
notes.  Moreover,  the  fact  that  some  persons  are  deaf  to  grave  sounds, 
whilst  they  readily  hear  the  more  acute,  is  thus  accounted  for.  The  tensor 
tympani,  like  the  iris,  is  probably  excited  to  operation  by  a  reflex  action; 
and  it  is  by  no  means  improbable  that  one  of  its  functions  may  be,  to  pre- 
vent the  internal  ear  from  being  too  violently  affected  by  loud  sounds,  by 
putting  the  membrana  tympani  into  such  a  state  of  tension,  as  not  readily  to 
leciprocate  them. 

357.  The  uses  of  the  Tympanic  cavity  are  very  obvious.     One  of  its 
porposes  is  U>  render  the  vibrations  of  the  membrane  quite  free;  and  the 
other,  to  isolate  the  chain  of  bones,  in  such  a  manner  as  to  prevent  their 
vibrations  from  being  weakened  by  diffusion  through  the  surrounding  solid 
parts.     As  to  the  objects  of  the  Eustachian  tube,  however,  opinions  have 
been  much  divided.     From  the  experiments  of  MUller  it  appears  that  it 
does  not  increase  the  intensity  of  sound,  but  that  it  prevents  a  certain  degree 
of  dallness  which  would  attend  it  if  the  cavity  of  the  tympanum  were  com- 
pletely closed;  of  this  dullness  we  are  conscious,  when  any  tumefaction  of 
the  fauces  causes  an  occlusion  of  the  extremity  of  the  tube.     It  has  been 
supposed  that,  among  other  uses,  this  canal  serves  for  the  conduction  of  the 
speaker's  voice  to  his  ears;  but  this  is  certainly  not  the  case  in  any  con- 
siderable degree;  for,  when  the  Eustachian  tubes  are  obstructed  by  disease, 
the  patient  hears  his  own  voice  well,  though  other  sounds  are  indistinct; 
and  it  is  easily  shown  that  its  transmission  is  chiefly  accomplished  in  other 
^vya.     The  common  idea  is,  that  it  serves  the  same  purpose  with  the  hole 
in  an  ordinary  drum,  the  effect  of  which  is  ordinarily  supposed  to  be  the 
lemoval  of  the  impediment  to  the  vibrations  of  the  membrane,  that  would 
be  offered  by  the  complete  enclosure  of  the  air  within.     It  does  not  appear, 
however,  that  any  such  impediment  is  really  offered;  and  the  effect  of  the 
hole  in  the  drum  seems  rather  to  be  the  communication,  to  the  ear  of  the 
snditor,  of  the  sonorous  vibrations  of  the  contained  air;  which  are  thus 
tnmsmitted  directly  through  the  atmosphere,  instead  of  being  weakened  by 

♦  This  is  verjr  easUy  proved  by  experiments  on  a  membrane  stretched  over  a  reso- 
BtQt  cavity;  if  light  sand  be  strewed  upon  it,  and  a  strong  musical  tone  be  produced 
in  its  vicinitv,  the  membrane  will  immediately  be  set  in  vibration,  not  as  a  whole 
Conleas  its  uindamental  note  be  in  unison  with  that  sounded),  but  in  distinct  seg- 
Bients,  of  which  every  one  reciprocates  the  sound;  from  the  vibrating  parts,  the  sand 
^U  be  violently  thrown  off;  but  it  will  settle  on  the  intermediate  lines  of  rest,  forming 
tnriety  of  curious  figures,  which  are  known  as  the  nodal  lines. 
33 
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transmission  through  the  walls  of  the  instrument.  Hence  there  is  no  real 
analogy  in  the  two  cases.  The  principal  object  of  the  Eustachian  tube 
(which  is  always  found  where  there  is  a  tympanic  cavity)  seems  to  be  the 
maintenance  of  the  equilibrium  between  the  air  within  the  tympanum  and 
the  external  air;  so  as  to  prevent  inordinate  tension  of  the  membrana  tym- 
pani,  which  would  be  produced  by  too  great  or  too  little  pressure  on  either 
side,  and  the  effect  of  which  would  be  imperfection  of  hearing.  It  also  has 
the  office  of  conveying  away  mucus  secreted  in  the  cavity  of  the  tympanum, 
by  means  of  cilia  vibrating  on  its  lining  membrane;  and  the  deafness  con- 
sequent on  occlusion  of  this  tube  is  in  part  explicable,  by  the  accumulation 
which  will  then  take  place  in  the  tympanum. 

358.  From  what  has  been  stated,  it  is  evident  that  sonorous  undulations 
taking  place  in  the  air,  will  be  propagated  to  the  fluid  contained  in  the  laby- 
rinth, through  the  tympanum,  the  chain  of  bones,  and  the  membrane  of  the 
fenestra  ovalis  to  which  the  stapes  is  attached,  without  any  loss,  but  rather 
an  increase,  of  intensity.     Why  water  should  be  chosen  as  the  medium 
through  which  the  impression  is  to  be  made  upon  the  nerve,  it  is  impossible 
for  us  to  say  with  any  thing  like  certainty,  in  our  present  state  of  ignorance 
as  to  the  physical  t;haracter  of  that  impression.     But,  the  problem  being  to 
communicate  to  water  the  sonorous  undulations  of  air,  the  experimental  re- 
sults already  detailed  satisfactorily  prove  that,— whilst  this  may  be  accom- 
plished in  a  degree  sufficient  for  the  wants  of  the  inferior  animals,  by  the 
simple  interposition  of  a  tense  membrane  between  the  air  and  Uie  fluid,— 
the  tympanic  apparatus  of  the  higher  classes  is  most  admirably  adapted  for 
this  purpose.     The  fenestra  ovalis  is  not,  however,  the  only  channel  of 
communication  between  the  tympanum  and  the  labyrinth;  for  there  is,  in 
most  animals,  a  second  aperture,  the  fenestra  rotunda,  leading  into  the 
cochlea,  and  simply  covered  with  a  membrane.     It  is  generally  supposed 
that,  the  labyrinth  being  filled  with  a  nearly  incompressible  fluid,  this 
second  aperture  is  necessary  to  allow  of  the  free  vibration  of  that  fluid,— 
the  membrane  of  the  fenestra  rotunda  being  made  to  bulge  out,  as  that  of  the 
fenestra  ovalis  is  pushed  in.     It  may,  however,  be  easily  shown  by  experi- 
ment,  as  well  as  by  reference  to  comparative  anatomy,  that  no  such  contri- 
vance is  necessary;  for  sonorous  undulations  may  be  excited  in  a  non-elastic 
fluid,  completely  enclosed  within  solid  walls  at  every  part,  except  where 
these  are  replaced  by  the  membrane  through  which  the  vibrations  are  pro- 
pagated; and  this  is  precisely  the  condition,  not  only  of  the  aquatic  animals  <» 
but  even  of  Frogs,  in  which  last  a  tympanic  apparatus  exists  without  a 
second  orifice  into  the  labyrinth.     Moreover  it  is  certain  that  the  vibrationaa 
of  the  air  in  the  cavity  of  the  tympanum  must  of  themselves  act  upon  th.  * 
membrane  of  the  fenestra  rotunda;  and  this  is  perhaps  the  most  dii 
manner  in  which  the  fluid  in  the  cochlea  will  be  afiected;  although  it  wi 
ultimately  be  thrown  into  much  more  powerful  action  by  the  transmi8si< 
of  vibrations  from  the  vestibule.     For  it  has  been  satisfactorily  determim 
by  experiment  (xii.),  that  vibrations  are  transmitted  with  very  much  great 
intensity  to  water,  when  a  tense  membrane,  and  a  chain  of  insulated  sol 
bodies  capable  of  free  movement,  are  successively  the  conducting  med 
than  when  the  media  of  communication  between  the  vibrating  air  and 
water  are  the  same  tense  membrane,  air,  and  a  second  membrane: — oi 
apply  this  fact  to  the  organ  of  hearing,  the  same  vibrations  of  the  air    *a3(?/ 
upon  the  fluid  of  the  labyrinth  with  much  greater  intensity,  through    ^-^^ 
medium  of  the  chain  of  auditory  bones  and  the  fenestra  ovalis,  than  throu»  gh 
the  medium  of  the  air  of  the  tympanum  and  the  membrane  closing  the    /^ 
nestra  rotunda. — The  fenestra  rotunda  is  not  to  be  considered  as  haWi^' 
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any  peculiar  relation  with  the  cochlea;  since,  in  the  Turtle  tribe,  the  former 
exists  without  the  latter. 

359.  In  re^rd  to  the  functions  of  particular  parts  of  the  labyrinth,  no 
certainty  can  be  said  to  exist.  From  the  experimental  results  already 
stated,  it  appears  likely  that,  the  greater  the  extension  of  the  cavity  into  the 
dense  substance  of  the  bone,  the  greater  will  be  the  resonance  communi- 
cated to  the  fluid,  and  thence  transmitted  to  the  nerves  exposed  to  its  influ- 
ence. It  is  commonly  supposed  that  the  Semi-circular  Canals  have  for  their 
peculiar  function  the  reception  of  the  impressions  by  which  we  distinguish 
the  direction  of  sounds;  and  it  is  certainly  a  powerful  argument  in  support 
of  this  view,  that,  in  almost  every  instance  in  which  these  parts  exist  at  all, 
they  hold  the  same  relative  position  to  each  other  as  in  Man,  their  three 
planes  being  nearly  at  right  angles  to  one  another.  The  idea,  however, 
must  be  regarded  as  a  mere  speculation,  the  value  of  which  cannot  be 
decided  without  an  increased  knowledge  of  the  laws  according  to  which 
sonorous  vibrations  are  transmitted.  Regarding  the  special  function  of  the 
Cocbleat  there  is  precisely  the  same  uncertainty.  This  part  of  the  organ 
is  peculiar  in  one  respect,— that  the  expansion  of  the  auditory  nerve  is  here 
spread  oat  (upon  the  lamina  spiralis)  in  closer  proximity  with  the  bone 
itself,  than  it  is  in  any  other  part  of  the  labyrinth;  so  that  the  vibrations  of 
the  bone  will  be  more  directly  communicated  to  the  nerve.  It  is  not  easy 
to  see,  however,  what  can  be  the  peculiar  object  of  this  disposition,  in 
regard  to  the  function  of  hearing.  By  M.  Dug^s  it  is  surmised  that  by  the 
cochlea  we  are  especially  enabled  to  estimate  the  pitch  of  sounds,  particu- 
larly of  the  voice;  and  he  adduces  in  support  of  this  idea,  the  fact  that  the 
development  of  the  cochlea  follows  a  very  similar  proportion  with  the 
compass  of  the  voice.  This  is  much  the  greatest  in  the  Mammalia;  less 
in  Birds;  and  in  Reptiles,  which  have  little  true  vocal  power,  the  cochlea 
is  reduced  to  its  lowest  form,  disappearing  entirely  in  the  Amphibia.  That 
there  should  be  an  acoustic  relation  between  the  voice  and  ear  of  each 
species  of  animal,  cannot  be  regarded  as  improbable;  but  the  speculation 
of  M.  Dug^  can  at  present  only  be  received  as  a  stimulus  to  further  in- 
quiry, 

360.  We  have  now  to  consider  the  functions  of  the  accessory  parts,— the 
External  Ear,  and  the  Meatus.     The  Cartilage  of  the  external  ear  may  pro- 
pagate sonorous  vibrations  in  two  ways, — by  reflection,  and  by  conduction. 
Iq  reflection,  the  concha  is  the  most  important  part,  since  it  directs  the 
reflected  undulations  towards  the  tragus,  whence  they  are  thrown  into  the 
anditory  passage.     The  other  inequalities  of  the  external  ear  cannot  promote 
hearing  by  reflection;  and  the  purpose  of  the  extension  of  its  cartilage  is 
evidently  to  receive  the  sonorous  vibrations  from  the  air,  and  to  conduct 
them  to  its  point  of  attachment.     In  this  point  of  view,  the  inequalities 
become  of  importance;  for  those  elevations  and  depressions  upon  which  the 
undulations  fall  perpendicularly  will  be  affected  by  them  in  the  most  intense 
^gree;  and  in  consequence  of  the  varied  form  and  position  of  these  ine- 
qualities, sonorous  undulations,  in  whatever  direction  they  may  come,  must 
^1  advantageously  upon  some  of  them.    The  functions  of  the  Meatus  appear 
to  be  threefold.     The  sonorous  undulations  entering  from  the  atmosphere 
ve  propagated  directly,  without  dispersion,  to  the  membrana  tympani: — 
the  sonorous  undulations  received  on  the  external  ear  are  conveyed  along 
*he  walls  of  the  meatus  to  the  membrana  tympani: — the  air  which  it  con- 
^ns,  like  all  insulated  masses  of  air,  increases  the  intensity  of  sounds  by 

L      resonance.     That,  in  ordinary  hearing,  the  direct  transmission  of  atmos- 
\     pheric  vibrations  to  the  membrana  tympani  is  the  principal  means  of  exciting 
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the  reciprocal  vibrations  of  the  latter,  is  sufficiently  evident;  the  undulations 
which  directly  enter  the  passage  will  pass  straight  on  to  the  membrane; 
whilst  those  Uiat  enter  obliquely  will  be  reflected  from  side  to  side,  and  at 
last  will  fall  obliquely  on  the  membrane,  thus  perhaps  contributing  to  the 
notion  of  direction.  The  power  of  the  lining  of  the  meatus  to  conduct 
sound  from  the  external  ear  is  made  evident  by  the  fact,  that,  when  both 
ears  are  close  stopped,  the  sound  of  a  pipe  having  its  lower  extremity  covered 
by  a  membrane,  is  heard  more  distinctly  when  it  is  applied  to  the  cartilage 
of  the  external  ear  itself,  than  when  it  is  placed  in  contact  with  the  surface 
of  the  head.  The  resonant  action  of  the  air  in  the  tube  is  easily  demon- 
strated by  lengthening  the  passage  by  the  introduction  of  another  tube;  the 
intensity  of  external  sounds,  and  also  that  of  the  individual's  voice,  is  then 
much  increased. 

361.  Many  facts  prove,  however,  that  the  fluid  of  the  labyrinth  may  be 
thrown  into  vibration  in  other  ways  than  by  the  tympanic  apparatus.  Thus 
in  Osseous  Fishes,  this  is  the  only  manner  in  which  hearing  can  take  place. 
There  are  many  persons,  again,  who  can  distinctly  hear  sounds  which  are 
thus  transmitted  to  them;  although,  through  some  imperfection  of  the  tym- 
panic apparatus,  they  are  almost  insensible  to  those  which  they  receive  in 
the  ordinary  way.  It  is  evident,  where  this  is  the  case,  that  the  nerve  must 
be  in  a  state  fuUy  capable  of  functional  activity;  and,  on  the  other  hand, 
where  sounds  cannot  thus  be  perceived,  there  will  be  good  reason  to  believe 
that  the  nerve  is  diseased. 

962.  A  single  impulse  communicated  to  the  Auditory  nerve,  in  any  of  the 
foregoing  modes,  seems  to  be  sufficient  to  excite  the  momentary  sensation 
of  sound;  but  most  frequently  a  series  of  such  impulses  is  concerned,  there 
being  but  few  sounds  which  do  not  partake,  in  a  greater  or  less  degree,  of 
the  character  of  a  tone.  Any  continuous  sound  or  tone  is  dependent  upon 
a  succession  of  such  impulses;  and  its  acuteness  or  depth  is  governed  by 
the  rapidity  with  which  they  succeed  one  another.  It  is  not  difficult  to 
ascertain  by  experiment  what  number  of  such  impulses  or  undulations  are 
required,  to  give  every  tone  which  the  ear  can  appreciate.  Thus,  if  a  cir- 
cular plate,  with  a  number  of  apertures  at  regular  intervals,  be  made  to 
revolve  over  the  top  of  a  pipe  through  which  air  is  propelled,  a  succession 
of  short  puffs  will  be  allowed  to  issue  from  this;  and,  if  the  revolution  is 
sufficiently  rapid,  these  impulses  will  unite  into  a  definite  tone.  In  the 
same  manner,  if  a  spring  be  fixed  near  the  edge  of  a  revolving  toothed  wheels 
in  such  a  manner  as  to  be  caught  by  every  tooth  as  it  passes,  a  succession  o: 

clicks  will  be  heard;  and  these  too,  if  the  revolution  of  the  wheel  be  suffi 

ciently  rapid,  will  produce  a  tone.     The  number  of  apertures  in  the  plat 

which  pass  the  orifice  of  the  pipe  in  a  given  time,  or  the  number  of  teet^I- 
which  pass  the  spring,  being  known,  it  is  easy  to  see  that  this  must  be 
number  of  impulses  required  to  produce  the  given  tone.     Each  impul 
produces  a  double  vibration, — forwards  and  backwards;*  hence  the  numb^- 
of  impulses  is  always  half  that  of  the  single  vibrations.     The  maximu 
and  minimum  of  the  intervals  of  successive  pulses  still  appreciable  by 
ear  as  determinate  sounds,  have  also  been  determined  by  M.  Savart,  m< 
satisfactorily  and  more  accurately  than  had  previously  been  done.     If  tbi 
intensity  is  great,  sounds  are  still  audible  which  result  from  the  successL 
of  24,000  impulses  in  a  second;  and  this,  probably,  is  not  the  extreme  Hi 
in  acuteness  of  sounds  perceptible  by  the  ear.     From  some  observation! 
Dr.  Wollaslon's,  it  scorns  probable  that  the  ears  of  different  individuals 

♦  This  is  seen  when  a  string  is  put  in  vibration,  by  pulling  it  out  of  the  straight  line. 
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differently  constituted  in  this  respect, — some  not  being  able  to  hear  very 
acQte  tones  produced  by  insects  or  even  Birds,  which  are  distinctly  audible 
to  others.  Again,  the  sound  resulting  from  16  impulses  per  second,  is  not, 
as  has  been  usually  supposed,  the  lowest  appreciable  note;  on  the  contrary, 
M.  Savart  has  succeeded  in  rendering  tones  distinguishable,  which  were 
produced  by  only  7  or  8  impulses  in  a  second;  and  continuous  sounds  of  a 
still  deeper  tone  could  be  heard,  if  the  individual  pulses  were  sufficiently 
prolonged.  In  regard,  however,  to  the  precise  time  during  which  a  sono- 
rous impression  remains  upon  the  retina,  it  is  difficult  to  procure  exact 
information,  since  it  departs  more  gradually  than  do  visual  impressions. 
This  is  certain,  however, — that  it  is  much  longer  than  the  interval  between 
the  successive  pulses  in  the  production  of  tones;  since  it  was  found  by 
M.  Savart,  that  one  or  even  several  teeth  might  be  removed  from  the 
toothed  wheel  without  a  perceptible  break, — showing  that,  when  the  tone 
was  once  established,  the  impression  of  it  remained  during  an  intermission 
of  some  length. 

863.  The  Ear  may,  like  the  Eye,  vary  considerably,  as  regards  general 
acatenesSy  amongst  different  individuals;  and  its  power  may  be  much  in- 
creased by  practice.     A  part  of  this  increase  depends,  however,  as  in  other 
instances,  upon  the  greater  attention  which  its  fainter  indications  receive; 
but  a  part,  also,  upon  increased  use  of  the  organ.     The  power  of  hearing 
very  faint  sounds  is  as  difierent  from  the  power  of  distinguishing  musical 
tones,  as  the  power  of  discerning  very  minute  objects,  or  of  seeing  with 
very  faint  degrees  of  light,  is  from  that  of  distinguishing  colours.     Many 
persons  are  altogether  destitute  of  what  is  termed  a  musical  ear:  whilst 
others  are  endowed  with  it  in  a  degree  which  is  a  source  of  great  discomfort 
to  them,  since  every  discordant  sound  is  a  positive  torment.     The  power 
of  distinguishing  the  direction  of  sounds  appears  to  be,  in  Man  at  least,  for 
the  most  part  acquired  by  habit.     It  is  some  time  before  the  infant  seems 
to  know  any  thing  of  the  direction  of  noises  which  attract  his  attention. 
Now  although  there  can  be  no  question  that  this  perception  is  acquired  by 
attention  to  certain  variations  in  the  impression  made  upon  the  nerve, 
durough  the  medium  either  of  the  tympanic  apparatus,  or  of  the  bones  of 
the  head,  yet  it  is  equally  evident  that  there  can  be  nothing  in  these  varia- 
tions themselves  adequate  to  excite  the  idea,  and  that  it  must  therefore  be 
either  intuitive  or  acquired  by  habit.     This  is  a  consideration  of  some  im- 
portance in  regard  to  the  similar  question  as  to  the  sense  of  Visual  direction. 
In  some  cases  we  are  probably  assisted  by  the  relative  intensity  of  the 
sensations  communicated  by  the  two  ears  respectively.     The  idea  of  the 
Stance  of  the  sonorous  body  is  another  acquired  perception,  depending 
principally  upon  the  loudness  or  faintness  of  the  sound,  when  we  have  no 
(Mher  indications  to  guide  us.     In  this  respect,  there  is  a  great  similarity 
iMween  the  perception  of  distance  of  an  object,  through  the  Eye,  by  its 
size,  and  through  the  Ear  by  the  intensity  of  its  sound.     When  we  know 
the  size  of  the  object,  or  are  acquainted  with  the  usual  intensity  of  its  sound, 
we  can  judge  of  its  distance;  and,  vice  vers&,  when  we  know  its  distance. 
We  can  at  once  form  an  idea  of  its  real  from  its  apparent  size,  and  of  its  real 
strength  of  tone  from  that  which  affects  our  ears.     In  this  manner,  the  mind 
^y  be  affected  with  corresponding  deceptions  through  both  senses;  thus, 
>nthe  Phantasmagoria,  the  figure  is  gradually  diminished  whilst  its  distance 
vemains  the  same,  and  it  appears  to  the  spectators  to  recede, — the  illusion 
^ing  more  complete,  if  its  brightness  be  at  the  same  time  diminished;  and 

\^e  effect  of  a  distant  full  military  band  gradually  approaching,  may  be  alike 
^ven  by  a  corresponding  crescendo  of  concealed  instruments.     It  is  upon 
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the  complete  imitation  of  the  conditions  which  govern  our  ideas  of  the  in- 
tensity and  direction,  as  well  as  of  the  character,  of  sounds,  that  the  decep- 
tions of  the  Ventriloquist  are  founded. 

364.  Some  facts  of  much  interest  have  lately  been  acertained,  in  regard 
to  an  occasional  variation  in  the  rapidity  of  the  perception  of  sensory  im- 
pressions received  through  the  Eye  and  through  the  Ear.  These  facts  are 
the  result  of  comparisons  made  amongst  difierent  astronomical  observer«<, 
who  may  be  watching  the  same  visual  phenomena,  and  lijning  their  obser- 
vations by  the  same  clock;  for  it  has  been  remarked  that  some  persons  see 
the  same  phenomenon  a  third  or  even  half  a  second  earlier  than  others. 
There  is  no  reason  to  suppose  from  this,  however,  that  there  is  any  differ- 
ence in  the  rate  of  transmission  of  the  sensory  impressions  in  the  two  nerves. 
The  fact  seems  rather  to  be,  that  the  sensorium  does  not  readily  perceive 
two  different  impressions  with  equal  distinctness;  and  that,  when  several 
impressions  are  made  on  the  nerves  at  the  same  time,  the  mind  takes  cog- 
nisance of  one  only,  or  perceives  them  in  succession.  When,  therefore, 
both  sight  and  hearing  are  directed  simultaneously  to  one  object,  tlie  com- 
munication of  the  impression  through  one  sense  will  necessarily  precede 
that  made  by  the  other.  The  interval  between  the  two  sensations  is  greater 
in  some  persons  than  in  others;  for  some  can  receive  and  be  conscious  of 
many  impressions,  seemingly  at  the  same  moment,  whilst  in  others  a  per- 
ceptible space  must  elapse. 

365.  Amongst  other  important  offices  of  the  power  of  Hearing,  is  that 
of  supplying  the  sensations  by  which  the  voice  is  regulated.  It  is  well 
known  that  those  who  are  born  entirely  deaf  are  also  dumb, — that  is,  des- 
titute of  the  power  of  forming  articulate  sounds;  even  though  not  the  least 
defect  exist  in  their  organs  of  voice.  Hence  it  appears  that  the  vocal  mus- 
cles can  only  be  guided  in  their  action  by  the  sensations  received  throusrh 
the  Ears,  in  the  same  manner  as  other  muscles  are  guided  by  the  sensations 
received  through  themselves  (§  399).  On  this  point,  more  will  be  suid 
hereafter. 


CHAPTER  V. 

OF   MUSCULAR   CONTRACTILITY. 

366.  The  Nervous  System  has  no  power  of  occasioning  movement  in 
any  part  of  the  body,  save  by  exciting  to  contraction  certain  structures  to 
which  the  term  Muscular  is  given.  That  a  tissue  should  possess  within 
itself  the  property  of  contractility  on  the  application  of  a  stimulus,  is  no 
more  wonderful  than  that  another  should  be  capable  of  conveying  sensory 
or  motor  influences,  or  another  of  separating  a  peculiar  secretion  from  the 
blood.  Such  contractile  tissues  are  found  in  Vegetables  as  well  as  in  Ani- 
mals; and  instances  of  their  operation  have  been  already  referred  to  (^  13). 
The  only  essential  difference  between  the  contractility*  of  Muscular  Fibre, 

♦  The  peculiar  operation  of  this  property  in  Muscular  Fibre,  the  ordinary  con- 
tractioD  of  which  altei nates  with  relaxaiiun,  has  occasioneil  ihediNtinctive  iciin  Ifrx- 
taJbUily  \.o  be  applied  to  it.  This  lerm  has  been  employed,  however,  in  mi  in.iriv 
diflferent  senses  (beinj?,  by  some  Phys.ioIogrists,  used  almost  synonymously  with  ihe 
more  general  one  of  Vitality),  that  it  seems  desirable  to  avoid  adopting  it' for  such  u 
purpose. 
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and  that  of  the  cella  of  the  Sensitive  Plant,  is  that  the  TormeT  can  be  excited 
by  the  stimulus  of  innervation,  as  well  as  by  those  of  a  physical  or  chemical 
nature,  which  will  act  upon  the  latter.  Muscular  structure,  as  heretorore 
remarked,  ia  employed  in  the  Animal  body,  not  only  as  the  instrument  of 
the  operation  of  the  Nervous  System  upon  the  external  world, — in  which 
respect  alone  its  action  can  be  said  to  form  part  of  the  Functions  of  Animal 
Life, — but  also  to  execute  many  of  those  interior  movements,  which  the 
peculiar  conditions  of  Animal  existence  require  for  its  own  maintenance, 
such  as  the  propulsion  of  the  fond  along  the  alimentary  canal;  and  that  of 
the  blood  through  the  vascular  system.  The  muscles  concerned,  however, 
in  these  operations,  which  are  so  immediately  connected  with  the  mainte- 
nance of  the  Organic  functions,  differ  essentially  from  those  strictly  forming 
part  of  the  apparatus  of  Animal  life,  both  in  their  own  structure,  and  in  the 
manner  in  which  their  contractility  is  called  into  operation.  The  former 
are  (like  the  contractile  tissues  of  Plants)  much  more  susceptible  than  the 
latter  of  being  excited  to  action  by  a  stimulus  immediately  applied  to  them- 
Belves,  and  are  with  difficulty  shown  to  be  in  any  degree  under  the  influence 
of  nerves  ($  XOl);  whilst  the  latter  are  readily  thrown  into  violent  contraction 
by  a  stimulus  conveyed  to  them  through  the  nervous  system.  Hence  a 
physiological  distinction  may  be  made  between  these  two  groups  of  muscles; 
which  is  fully  borne  out  by  diflerences  in  the  structure  and  arrangement  of 
their  component  parts.  By  some,  the  two  classes  have  been  spoken  of  as 
those  of  Involuntary  and  Voluntary  Mascles;  but  this  distinction  ia  not  cor- 
rect; since  every  muscle  ordinarily  termed  voluntary  is  susceptible  of  being 
called  into  action  involuntarily.  It  is  better  to  found  the  distinction  upon 
their  nearer  or  more  remote  concern  in  the  functions  of  Organic  Life;  those 
which  are  immediately  involved  in  their  maintenance,  and  over  which  the 
will  can  never  exert  any  influence, — the  Heart,  and  Muscular  coat  of  the 
Intestinal  Canal,  for  instance, — being  designated  as  the  Muscular  System  of 
Organic  Life;  and  those  which  can  be  employed  by  the  Nervous  System  to 
execute  the  commands  of  the  will,  being  included  in  the  Muscular  System  of 
Animal  life.  The  structure  peculiar  to  the  latter  will  be  first  described;  as 
it  is  evidently  that  which  is  most  characteristic  of  Muscle. 

Muscles  of  Animal  Life. 

307.  When  we  examine  an  ordinary  Muscle  (from  one  of  the  extremi- 
<it«  for  example)  with  the  naked  eye,  we  observe  that  it  presents  a  fibrous 
appearance;  and  that  the  fibres  are  arranged  with  great  regularity  in  the 
direction  in  which  the  muscle  is  to  act 

Upon  further  examination  it  is  found  Fig  36 

<wt  these  fibres  are  united  together  in 
JtKiadi  or  bundles  of  larger  or  smaller 

liie,  by  means  of  cellular  tissue;  and 

*)ieQ  the  Microscope  is  applied  to  the 

inullest  fibre  which  can  he  seen  with 

^  naked  eye,  it  is  seen  itself  to  con 

■Wofa  fasciculus,  composed  of  a  num 

«t  of  cylindrical    fibres   lying    in   a 

pinllel  direction,  and    closely  bound 

*<>feiher.  These  fibres  present  two  sets      Fmticuiui  of  FibrM  ot  Vuionury  jHiucir; 

"f  Markings  or  atrix; — one  set  longi-    >li«lit're«iep«raledMonBend,lnlobtiuli-llln 

»<wliMl,— the   other  transverse  or  an-   >»"""«"'f  *>>"""    AderB-ij. 

nnlu.     By  more  closely  examining  these  Jibret,  when  separated  from 
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rhich,  so  fa  fl 


each  olhcr,  it  is  seen  lliat  each  may  be  reeolved  into  fibrili.T,  wliich,  »i 
as  at  present  knowa,  are  ihe  ulliaiale  elcmenls  of  nuisculnr  structure. 
These  fibrillse  ate  sonietimes  made  evident,  by  drawing  apart  the  Iwo  end» 
of  a  fasciculus,  so  that  the  fibres  are  lorn;  the  separated  extremities  of  iheae 
are  then  frequently  split  into  distinct  fibrillx,  so  that  the  composition  of 
the  fibre  becomes  at  once  evident.  These  iibrills  are  bound  toother,  in 
tiie  perfect  condition  of  the  fibre,  by  a  very  delicate  lubntar  sheath,  which 
seems  lo  answer  lo  the  tube  of  nervous  fibre.  This  cannot  always  bo 
readily  brought  into  view;  but  it  is  occasionally  seen  with  great  distinct- 
nessi  thus,  when  the  two  ends  of  a 
^27.  fibre  are  drawn  apart,  the  contained 

fibrils  will  sometimes  separate  with- 
out the  rupture  of  the  sheath,  which 
tlion  becomes  evident;  and  during 
the  act  of  contraction,  it  may  some- 
limes   be  observed  to  rise  up    in 

Flbm  of  H<iB»ii  miucla  kroken  tctrar.   Itas      wrinklcs   upoH    the    SUrfacO    of   ths 

rnsm«ii.conii5c»>dh/ih.  uinoniKucoi™ii*     fibre,  as  seen  in    Fig.    31.     ThM  1 
sheath  ia  quite  distinct  from  Ihe  cellular  tissue  which  binds  the  fibres  ii 
fasciculi;  and  It  has  been  termed,  for  the  sake  of  distinction,  the  Sareo^  1 
lemma.'     Its  existence  may  be  demonstrated  in  any  muscular  fibre,  b^  1 
subjectinj;  it  lo  the  action  of  fluids,  which  occasion  a  svrelling  of  its  o 
tents;  this  is  especially  the  eSect  of  acids  and  alkalies,  and  may  be  •* 
produced  by  the  citric  and  tartaric  acids,  and  by  potash.     For  a  time,  ifas  \ 
Siircolcmma  yields  (o  the  distension  which  takes  place  from  within;  but  a 
luBt  it  bursts  at  particular  points,  and  a  sort  of  hernia  of  its  contents  lakM  ] 
place,  making  the  existence  of  a  perfect  envelope  in  all  other  parts  quiM 
evident.     This  membrane  is  itself  perfectly  transparent,  and  has  nothing  IfJ 
do  with  the  production  of  either  the  longitudinal  or  the  transverse  stra 
There  is  no  reason  lo  believe  thai  it  is  perforaled  either  by  nerves  or  f 
capillary  vessels;  in  fact  it  seems  to  be  an  effeclual  barrier  between  the  n 
elements  of  Muscular  stnicture,  and  the  surrounding  parts.     Thil  it 
share  in  the  contraction  of  the  fibre,  is  evident  from  ibo  fact  just  mentioned 
respecting  the  condition  which  it  occasionally  presents  when  the  fibre  i 
much  shortened. 

3HS.  Muscular  Fibres  are  commonly  described  as  cylindrical:  but  then  1 
is  reason  to  believe  that  ifiey  are  rather  of  a  polygonal  form,  their  aides   ' 
being  flattened  against  those  of  adjoining  fibres.     In  soms  instancv*  tlw    ' 
ingles  are  sharp  and  decided;  in  others  they  are  rounded  ofi',  so  u  lo  jcavs 
spaces  between  the  coniiguaua  fibres  for  the  passage  of  vessel*.  In  Insects, 
the  fibres  often  present  the  form  of  llallened  bands.     Their  siae  varies  con- 
siderably in  dilfcrenl  classes  of  animals;  and  even  in  the  same  animal,  and 
the  same  muscle.     The  following  tabic  gives  illustrations  of  these  varieti««: 
the  extremes  are  those  met  with  by  Mr.  Bowman  bimsDif;  but  other  ob- 
servers  speak  of  dimensions  more  widely  separated. 
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It  ia  inlereating  to  remark,  upon  this  table,  that  iho  Muscular  Fibre  of 
Reptile*  and  Fiahea  is  upon  the  whole  much  larger  than  that  of  other  Verte- 
brata,  and  that  ils  dimensions  present  the  greatest  extremes  of  variation; 
whilst  in  Birds,  it  is  much  smaller  than  in  all  other  Vertebrata,  and  it* 
dimension*  are  also  less  variable.  Further,  the  size  of  the  fibres  bears  no 
proportion  to  that  of  the  animal;  for  we  observe  thai  in  the  Chaffinch  they 
are  larger  than  in  the  Owl,  in  the  Cat  larger  than  in  the  Horse,  and  in  the 
Fro^  often  larger  than  in  the  Boa.  Moreover  in  Insects,  the  diameter  of 
the  fibres  is  eVen  greater  than  it  is  in  Mammalia.  Some  difference  of  opinion 
exists  a*  lo  whether  the  arrangement  of  the  fibriilie  within  the  sarcolemma 
is  anch  as  lo  form  a  hollow  or  solid  bundle.  It  frequently  happens  that, 
when  a  fibre  is  torn  across,  the  appearance  of  the  brush-like  tuft  of  fibriJlfe 
at  the  broken  extremity  is  such,  as  to  indicate  that  ihey  form  a  hollow  cylin- 
der; bnt  this  may  be  accounted  for  by  the  fai:t,  that  the  outer  layer  of  fibrillte 
is  endenlly  adherent  in  some  degree  to  the  Sarcolemma,  and  will  conse- 
qnendy  be  extended  with  it,  at  the  moment  of  its  rupture,  beyond  the  deeper 
Uyera.  The  appearance  presented  by  transverse  sections  shows  that  the 
bundle  of  fibritlEe  contains  no  central  cavity;  the  e:itremities  of  the  cut 
fibrillB,  however,  cannot  always  be  dialin^ished  in  Mammalia,  in  conse- 
quence, as  it  would  seem,  of  their  close  and  intimate  lateral  union;  but  they 
ue  veij  evident  in  Birds,  Reptiles,  and  Fishes  (Fig.  28).     The  addition  of 

Pig.  28. 
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the  interstM^I 


an  acid  increases  tlie  disiinctness  of  the  Abrtilie,  by  widening  the  it 
between  them. 

369.  When  the  Gbrillce  are  separately  examined,  they  are  foiind  to  pre- 
sent  an  alternation  of  dark  and  lig'ht  spaces;  and  these  points  are  capable  of 
being  reversed,  by  an  alteration  of  the  focus  of  the  microHcope,  eo  that  the 
appearance  is  evidently  due  to  the  mode  in  which  the  light  passing  ihrongli 
them  is  refracted,  and  not  to  any  difference  of  colour  in  the  two  scries  of 
points.  It  is  in  fact  precisely  thai  which  is  given  by  a  glass  rod  with  beaded 
enlargements,  when  held  to  the  light;  the  beads  will  appear  bright,  and  the 
intervening  spaces  dark.  Considerable  variety  exists  in  diOerenl  animals, 
as  lo  the  relative  proportions  of  these  two  parts.  According  to  Schwann 
(who  regards  the  dark  points  aa  enlargements,  and  the  light  as  ilie  narrow 
connecting  part),  the  dark  portion,  in  a  fibre  from  the  Human  pharynx,  was 
about  one-third,  and  the  light  portion  iwo-lhirds,  of  the  whole  space  occu- 
pied by  each  segment  of  the  libril.  In  the  Hare,  as  figured  by  Mr.  Bowman, 
the  light  and  dark  portions  are  nearly  equal.  In  some  instances,  the  beads  ap- 
pear close  together,  and  their  long  diameter  is  transverse  lo  the  direction  of  the 
fibril;  whilst  in  the  ocular  muscle  of  the  Fish,  the  beads  seem  to  have  some- 
what of  a  lozenge  form,  overlapping  each  other  without  any  intervals.  The 
relative  proportion  between  the  diameter  of  the  beads,  and  the  interspaces 
between  ihem,  will  depend  in  part  upon  the  condition  of  the  muscle  at  the 
time  il  is  examined;  for  if  in  a  state  of  contraction,  the  beads  will  probably 
be  much  more  closely  approximated  than  when  the  muscle  is  relaxed.  This 
appears  from  what  is  next  to  be  staled  of  the  nature  of  tlie  transverse  slri« 
exhibited  by  the  fibre,  and  of  the  changes  which  they  undergo  during  the 
action  of  the  muscle.  The  size  of  the  ultimate  fibrils  is  stated  by  Wagner 
to  be  nearly  the  same  in  all  Vertebrala,  as  well  aa  in  Insects,  and  In  the 
Craw-fish;  ila  usual  extremes  being  from  about  j^jj  to  inJr*  •'f  ' 
but  MUller  has  observed  ihem  in  the  Frog  to  be  sometimes  as  much  ai 
of  an  inch,  and  in  the  Parrot  to  be  ^^'^  of  an  inch  in  diameter.  Takinj, 
average  stated  by  Wagner,  and  comparing  il  with  the  average  dimensioi 
ihe  fibre  in  the  Human  Species,  which  is  estimated  by  Mr.  Bowrant^ 
about  jg^  of  an  inch,  each  Muscular  fibre  in  Man  may  be  regarded  as  com- 
posed of  from  five  lo  eight  hundred  fibrillin. 

370.  The  Muscular  Fibre  of  Animal  life  is  peculiarly  characterized  by 
the  existence  and  close  arrangement  of  aliemate  light  and  dark  lines,  cross- 
ing it  transversely.  By  several  observers,  these  have  been  supposed  to  be 
due  to  the  pressure  of  circular  bands  or  girths,  surrounding  the  fibrillie;  and 
some  have  oven  imagined  thai  they  might  be  attributed  lo  a  coulinuoni 
spiral  coil.  The  existence  of  such  bands  is  not,  however,  indicated  in  uf 
other  way.  As  already  stated,  the  fibriils  are  only  bound  together  by  ihs 
Sarcolemma  or  enveloping  lube;  and  this  is  composed  of  a  simple  transpa- 
rent membrane,  destitute  of  any  appearance  of  bands.  The  spaces  betwMi 
the  light  and  dark  siriro  on  ihe  fibre  exactly  correspond  with  those  belwetn 
the  light  and  dark  points  in  individual  fibrillx:  and  this  is  the  case  in  sH 
conditions  of  the  muscle;  so  that  it  cannot  be  doubled  that  ihe  appearaucs 
must  be  the  result  of  the  same  cause  in  each  condition.  By  Mr.  Skey  >' 
has  been  imagined  that  the  circular  bands,  which  he  supposed  lo  cauio  ^' 
slriie,  made  little  indentations  in  the  fibrillce;  but  il  is  obvious  that  ihe" 
indentations  would  not  extend  to  those  in  the  interior  of  the  bundle,  whioth  | 
though  supposed  by  Mr.  Skey  to  be  hollow,  has  been  clearly  proved  ^~ 
Mr.  Bowman  to  be  solid,  and  lo  contain  beaded  fibrils  in  its  centre  a 
as  near  its  exterior.  There  can  be  little  doubt,  then,  that  lite  Irausi^ 
trig  are  Ihe  tanilt  of  tlw  ooMcwation  of  Ihe  beaded  Abne,  in  wdi »  a 
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Fig,  29. 


that  their  dark  and  light  spaces  shall  correspond,  as  shown  in  the  adjoiai 
figure.     These  striae  can  be  seen,  not  only  on 
the  exterioi  of  the  fibre,  but  in  every  part  of 
its  ihicknesa;  since,  owing  to  the  transparency 
of  the  whole,  it  is  easy  to  bring  any  portioD 
of  the  interior  into  focus.     The  average  dia- 
lanee  of  the  slris  in  the  muacular  fibre  of 
different  animals,  is  very  nearly  uniform;  as 
will  be  seen  from  the  following  table.     Be- 
tween the  extremes,  however,  there  ia  con- 
siderable variation;  and  this  presently  will  bs 
shown  to  depend  upon  the  condition  of  the    ^id^  l\,tii\^  tAtei^^^a.  " 
muscle  at  the  time  of  examination.     The  dis- 
tance is  not  only  often  difi'erent  in  the  same  muscle  and  the  same  fasciculus, 
but  even  in  the  same  fibre  in  difi'erent  parts  of  its  length.     The  figures 
indicate  Ihe  number  of  stris  in  ,^  of  an  inch. 


il&r  flbrs  rram 


ImBak  Minimum. 


Other  Mammalia 

150 

Birds 

140 

BeptUes 

200 

Fish 

18-0 

Insects 

100 

10-9 
10-4 
11-5 
IM 


The  extremes  tn  the  samt  specimen,  howsveri  were  in  no  instance  so  widely 
apart  as  the  table  indicatea  for  the  Class;  the  greatest  proportion  between 
the  Maximnm  and  Minimum  being,  except  in  Insects,  as  2  tn  1.  The 
beaded  enlargements  of  the  difi'erent  fibrillEe  appear  to  have  s  close  adhe- 
sion to  each  other;  ao  that  we  may  consider  the  fibre  aa  not  only  made 
np  of  longitudinal  filaments,  but  of  disks  formed  by  the  lateral  adhesion 
m  the  beads,  and  connected  together  by  their  intervening  narrow  bands. 
When  the  two  enda  of  a  fibre  are  drawn  apart,  it  will  not  unfrequently 
happen  that  there  is  a  greater  tendency  to  a  transverse  separation  between 
the  disks,  than  there  is  to  a  longitudinal  splitting  of  the  fibrillx.  In  fact 
«e  mast  consider  the  primitive  component  segments  of  the  fibrillce  as 
ihe.  ultimate  elements  of  the  fibre;  these  segments  being  connected  tongi- 
todinally,  so  as  to  constitute  the  fibrillm,  the  distinctness  of  which  is 
narked,  even  in  the  complete  fibre,  by  longitudinal  slris;  whilst  they  also 
■dheie  laterally,  so  as  to  form  disks,  the  partial  separation  of  which  gives 


Fig.  30. 
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origin  to  the  transverse  striae.  The  reason  why  the  transverse  striae  are 
ordinarily  so  much  darker  than  the  longitudinal,  is  that  the  fibrillae  are 
closer  together  than  the  disks,  and  their  shaded  interspaces  consequently 

narrower. 

{ Mr.  Bowman,  in  a  recent  work,  thus  speaks  of  the  internal  structure  and 

cleavage  of  muscles: — 

«*The  beautiful  cross-markings  on  the  voluntary  fibre  have  been  known 
from  the  early  days  of  microscopical  research,  and  have  given  occasion  to 
a  variety  of  hypothetical  and  generally  mechanical  solutions  of  the  problem 
of  contraction;  which,  by  warping  the  minds  of  observers,  have  had  the 
effect  of  greatly  complicating  an  already  difficult  subject,  that  of  the  inter- 
nal anatomy  of  the  fibre,  which  can  only  be  determined  by  pure  observation. 
Fontana  alone  among  the  older  anatomists  abstained  from  vague  speculation; 
and  he  arrived  nearest  to  the  truth.  He  found  that  the  fibre  was  apt  to 
split  up  into  fine  fibrills,  each  of  which  was  a  series  of  particles;  and  he 
imagined  that  the  transverse  lines  were  caused  by  the  regular  apposition 
side  by  side  of  the  particles  of  the  contiguous  fibrillse.  It  was  customary 
both  before  and  since  his  time,  as  at  the  present  day,  to  regard  the  fibre  as 
a  bundle  of  smaller  ones,  whence  the  term  primitive  fasciculus^  first  given 
to  it  by  him  and  adopted  by  MUller:  but  this  view  of  the  subject  is  imper- 
fect. The  fibre  always  presents,  upon  and  within  it,  longitudinal  dark 
lines,  along  which  it  will  generally  split  up  into  fibrillae;  but  it  is  by  a  frac- 
ture alone  that  such  fibrillae  are  obtained.  They  do  not  exist  as  such  in 
the  fibre.  A.nd,  further,  it  occasionally  happens  that  no  disposition  what^ 
ever  is  shown  to  this  longitudinal  cleavage;  but  that,  on  the  contrary, 
violence  causes  a  separation  along  the  transverse  dark  lines,  which  always 
intersect  the  fibre  in  a  plane  perpendicular  to  its  axis.  By  such  a  cleavage, 
discs,  and  not  fibrillae,  are  obtained;  and  this  cleavage  is  just  as  natunli 

Fig.  30*. 


Fragraenla  of  fltriped  elementary  fibres,  showing  a  cleavage  in  opposite  directions;  magnified^"'' 
dIameterer-A.  Longitudinal  cleavage.  The  longitudinal  and  transvprsc  lines  are  bothseen.  S<w>« 
longitudinal  lines  are  darker  and  wider  than  the  rest,  and  are  not  continuous  from  end  to  end:  ihH 
results  from  partial  separation  of  the  fibrillae.  c.  Fibrillai,  separated  from  one  another  bj  violence* 
the  broken  end  of  the  fibre,  and  marked  by  transvenie  lines  equal  in  width  to  those  on  the  t^ 
«..!nifi!STT  S^f  *PP®*f»»«^es  commonly  presented  by  the  separated  single  fibrilljs.  (Mow  biflilT 
magnified^  At  c  .  the  borders  and  transverse  lines  are  all  perfectly  rectilinear,  and  the  indaded 
spaces  perfecly  rectangular.  At  c",  the  borders  are  scallop^sd,  the  Spaces  bead-ltke.  WhL  BO* 
TtlT'nln.  1  ^"; •''  '^'  '^"''"*  P"""'""^  ^^«  f"^«"^'  "^  '^^'^  appearanVes.-B.  Transverse  cW- 
JSfs  w'h  chTretc!;::;  r^  "^r ^-^  ^''"'"^"  "•  '"^^^-P^^^^-  f--''^<*  f-^nowmg  the  opposite  ^riJ^ 
anJ  surface  of  t^^^^^^^^  ^'  '"k"'"'^  ^"^  '"^*'"''  '^^  ^^«  fr^^r^.nis  in  connection.    The  edgt 

thickn^  of  the  dit  ?^^  minutely  granular,  the  granules  corresponding  in  siietoth^ 

nJ^lv  dLcVi  Tn«L.H^'5'  ^'"^"l"  ^.^'^"""  '*^«  ^^'^'  longitudinal  lines,    b.  Another  di«^ 
nearly  deUched.    b  .  Detached  disc  more  highly  magnified,  showing  the  sarcous  elemenu. 
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though  less  frequent  than  the  former.  Hence  it  is  as  proper  to  say  that  the 
fibre  is  a  pile  of  discs,  as  that  it  is  a  bundle  of  fibrillae:  but,  in  fact,  it  is 
neither  the  one  nor  the  other,  but  a  mass  in  whose  structure  there  is  an 
intimation  of  the  existence  of  both,  and  a  tendency  to  cleave  in  the  two  di- 
rections. If  there  were  a  general  disintegration  along  all  the  lines  in  both 
directions,  there  would  result  a  series  of  particles,  which  may  be  termed 
primitive  particles  or  sarcous  elements^  the  union  of  which  constitutes  the 
mass  of  the  fibre.  These  elementaay  particles  are  arranged  and  united 
together  in  the  two  directions.  All  the  resulting  discs  as  well  as  fibrillse 
are  equal  to  one  another  in  size,  and  contain  an  equal  number  of  particles. 
The  same  particles  compose  both.  To  detach  an  entire  fibrilla  is  to  abstract 
a  particle  of  every  disc,  and  vice  versa.  The  width  of  the  fibre  is  there- 
fore uniform,  and  is  equal  to  the  diameter  of  any  one  of  the  discs.  Its 
length  is  the  length  of  any  one  of  its  fibrillae,  and  is  liable  to  the  greatest 
variety.*'    M.  C.} 

371.  The  general  opinion  as  to  the  disposition  of  the  fibres  during  the 
contraction  of  muscle,  has  been  that  of  Prevost  and  Dumas,  who  stated 
that  they  are  thrown  into  a  sinuous  or  zig-zag  flexure.    Recent  observations, 
however,  have  fully  demonstrated  the  incorrectness  of  this  view;  the  im- 
probability of  which  might  have  been  suspected  from  the  consideration, 
that  fibres  in  this  state  of  fiexure  could  not  be  imagined  to  be  exerting  any 
force.*     Prof.  Owen  has  noticed  that,  in  the  contracted  state  of  the  very 
transparent  muscles  of  some  Entozoa,  each  separate  fibre,  which  may  be 
seen  with  great  distinctness,  presents  a  knot  or  swelling  in  the  middle, 
besides  being  generally  thickened;  but  that  it  is  simply  shortened,  without 
felling  out  of  the  straight  line.     Dr.  A.  Thomson  remarked  the  same  thing 
hi  the  Frog;  single  fibres,  whilst  continuing  in  contraction,  being  simply 
shortened,  without  falling  into  zig-zag  lines:  and  he  was  led  to  suspect, 
from  this  and  other  circumstances,  that  the  zig-zag  arrangement  was  not 
produced  until  the  act  of  contraction  had  ceased.     The  recent  inquiries  of 
Mr.  Bowman  appear  to  have  proved  most  satisfactorily,  that,  in  the  state  of 
contraction,  there  is  an  approximation  of  the  transverse  striae,  and  a  general 
shortening  of  the  fibre;  and  that  its  diameter  is  at  the  same  time  increased; 
l3ut  that  it  is  never  thrown  out  of  the  straight  line,  except  when  it  has  ceased 
^o  contract,  and  its  two  extremities  are  still  held  in  proximity  by  the  con- 
traction of  other  fibres.     The  whole  process  may  be  distinctly  seen  under 
t^tie  Microscope  in  a  single  fibre  isolated  from  the  rest;  it  is,  of  course,  de- 
sirable to  select  from  those  animals  in  which  the  contractility  of  the  Muscle 
is  retained  for  the  longest  period  after  death,  which  is  particularly  the  case 
in  Reptiles  among  Vertebrata,  and  in  most  Invertebrata  (Mr,  Bowman  par- 
ticularly recommends  the  Crab  and  Lobster);  but  it  has  been  fully  proved 
^  differ  in  no  essential  degree  in  the  warm-blooded  Vertebrata.     The  con- 
^clion  usually  commences  at  the  extremities  of  the  fibre;  but  it  frequently 
Occurs  also  at  one  or  more  intermediate  points.     The  first  appearance  is  a 
^t  more  opaque  than  the  rest,  caused  by  the  approximation  of  a  few  of 
^e  segments  of  some  of  the  fibrillae;  this  spot  usually  extends  in  a  short 
^ttie  trough  the  whole  diameter  of  the  fibre,  and  the  shading,  caused  by 
^  approximation  of  the  transverse  striae,  increases  in  intensity.     The  striae 

•  By  Prevost  and  Dumas  themselves  it  was  imagined,  that  the  muscular  fibres 
wemselves  were  passive  agenis  in  contraction;  and  ibatihe  real  power  was  given  by 
^Jauraciive  force,  analogous  to  or  identical  with  thai  of  electricity,  existing  between 
«i«  nervous  fibres,  which  were  staled  by  ihem  to  be  disposed  in  parallel  rows,  trans- 
.^rsely  to  ihe  direction  of  the  muscle.  Other  Physiologists,  however,  have  shown 
^^v,  this  was  a  hasty  assumption. 
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are  found  to  be  two,  three,  or 
Bs  ill  the  uncontracteJ  part,  a 
delicate.  The  line  of  demun 
portions  is  well  ilefined;  but, 
(as  it  were)  from  the  biter  in 


•.yen  four  times  as  numerous  ia  the  contractoj, 
I'l  are  also  proportionally  narrower  and  moi 
ilion  between  the  contracted  and  unconlrueted 
IS  the  process  goes  on,  fresh  stria;  are  abHorbetl 
]  the  foriiier.     The  contracted  part  augmeiilB 

Fig,  31. 


tr  Abrp  of  DjtlVFiu,  to 
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in  thickness;  but  not  in  a  degree  commen- 
eurate  with  its  diminished  length;  so  that 
its  solid  parts  lie  in  smaller  compass  than 
before,  the  fluid  which  previously  inter- 
vened between  them  being  pressed  out^^ 
buUffi  under  the  sarcolcmnia  (Fig.  ^|^| 
The  force  with  which  the  elements  of  |^| 
fibre  thus  lend  to  approximate  Is  evideDfll 
considerable:  for  if  iheiwo  extremitiMB^ 
held  aparl,  the  fibre  is  not  unftequenily  rup- 
tured.   This  corresponds  with  the  appear- 
ances  found  in  the  muscles  of  persons 
vho  have  died  from  tetanus;  for  in  tha 
ruptured  fibres  of  those  muscles  which 
had  been  the  subjects  of  the  spusmodic 
action,  the  strix  have  been  observed  lo 
approximate  so  closely  as  to  1 
dislingnishable.     When  thecu 
not  very  decided,  the  dark  and  elev* 
spot  appears  10  play  like  a  wave  along.! 
fibre,  before  it  involves  the  whole  diani  ~ 
in  any  part;  and  even  when  considei 
traction  is  being  exercised,  ihcr 
tinual  interchange  in  the  elements  by  w 
it  is  effected, — the  discs  at  one  end  off 

mlracled  part  receding  from  each  odi 
whilst  at  the  other  end  new  discs  are  bi  * 
received  into  it. 
^      ^  ,  s  chiefly  derived  from  the  appoaniri^ 

presented  by  muscular  fibre,  when  spontaneously  passing  into  that  flIalM 
contraction,  which  is  termed  the  rigor  morlis;  and  it  has  not  been  fuU/f 
monstraled  that  the  phenomena  of  contraction  excited  by  tlie  agency  otM 
nerves,  are  precisely  similar,  Mr.  Bowman  has  remarked,  hawevai 
stimuli  of  various  kinds,  direclly  applied  to  them,  produce  correspoi 
effects,  although,  in  the  case  of  galvanism,  the  change  is  too  rapid  forB 
steps  to  be  followed;  and  thai,  from  the  appearances  presented  by  miisd*** 
thai  have  been  affected  wiih  tetanic  spasms,  ihe  contraction  produccJ  ^Y 
nervous  agency  does  not  essentially  did'er  in  chaiscter.     Il  now  remiif  • 


UnKulu  fibra  oT  SluM,  In  ■luu 
or  ran  <l)i  ud  In  Itine  dIffBnnt  tugu 
ofeoBincifoiin,3,41.  Alter Binnnui. 

372.  The  foregoing  descriplie 
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therefore,  to  inqnire,  what  is  the  cause  of  (he  zig-zag  arrangemeni,  which 
is  often  seen  in  (he  fibres.  This  may  be  easily  produced,  by  approximatiag 
the  ends  of  a  fasciculus,  after  ihe  irritability  of  its  fibres  has  ceased;  and  it 
would  not  seem  unlikely  that  the  passage  of  vessels  or  nerves  should  deter- 
mine the  points  at  which  the  fiexures  take  place.  Hence  it  appears,  that 
the  sinuous  or  zig-zag  arrangement  is  that  into  which  fibres  are  naturally 
thrown,  if,  an  elongation  following  contraction,  they  are  not  at  once 
alretched  by  antagonist  muscles.  Many  facts  support  the  opinion,  which 
has  long  been  held  by  several  physiologists,  that,  when  an  entire  muscle  is 
contracting,  alt  its  fasciculi  are  not  in  contraction  at  once;  but  that  there  ia  a 
continual  interchange  in  the  parts  by  which  the  tension  is  effected;  some 
relaxing,  whilst  others  are  shortening.  When  (he  ear  is  applied  to  a  muscle 
in  vigorous  action,  an  exceeding  rapid  faint  silvery  vibration  is  heard;  which 
eeeme  to  be  attributable  to  this  constant  movement  in  its  substance.  Now, 
on  examining  a  muscle,  of  which  some  fasciculi  present  the  zig-zag  ar- 
rangement, odiera  will  be  seen  (if  the  two  extremities  have  not  been  pur- 
posely spproximated)  to  be  quite  straight,  and  in  a  state  of  contraction;  and 
it  thence  appears  that  the  former  appearance  is  presented  by  bundles  of 
fibres  which  have  either  not  yet  entered  into  contraction,  or  have  relaxed 
after  undergoing  it,  but  of  which  the  extremities  are  still  approximated  by 
the  agency  of  other  contracting  fibres.  From  the  fact,  that  a  single  mus- 
cnlar  fibre,  isolated  from  all  other  tissues,  can  pass  into  a  slate  of  complete 
contraction,  when  subjected  to  excitement  of  some  kind,  the  very  important 
inference  ihay  be  drawn, — that  the  property  of  contractility  is  inherent  in 
the  tisaue  iuelf,  and  is  not  dependent  (as  some  Physiologists  have  supposed) 
npon  nerrouB  agency,  tliough  usually  called  into  action  by  it  in  the  living 
body.  This  inference  will  be  shown  to  be  fully  borne  out  by  physiological 
facts.  The  result  of  various  experiments  made  for  the  purpose,  leads  to 
the  conclusion  that  the  total  bulk  of  a  muscle  in  contraction  is  not  less  than 
when  it  i>  in  a  relaxed  state;  or  thatihe  difference,  if  any  exist,  is  extremely 
trifling. 

373.  All  muscular  fibres  are  attached  at  their  extremities  to  tissues  of  the 
oidiaary  fibrous  character,  and  most  commonly  to  that  which  is  known  as 
ttndinoui  structure.  The  component  fibres  of  this  are  arranged,  with  great 
legQlariiy,  parallel  to  each  other;  and  they  are  attached  to  the  end  of  the 
nmlemma,  which  terminates  abruptly,  so  thai  the  muscular  fibre  does  not 
<>p«  to  a  point  as  some  have  supposed.  The  line  of  demarcation  between 
wmqicnlar  and  tendinous  structure  is  always  very  distinct. 

Fig.  33. 


AiuehnuDi  of  Tindon  to  Musculir  fibre, 


272 


OF  KUBCDLAK  CONTBACTILITV. 


374.  The  Sarcdlemnia  of  the  MuBcle,  like  the  tube  of  the  Nerve  (§1]0}, 
appears  to  be  the  part  first  formed,  being  distinctly  visible  long  before  any 
traces  of  fibrills  can  be  observed  in  it.  This  tube  takes  its  origin,  like  the 
ducts  of  Plants,  in  cells  laid  end  to  end,  the  partitions  between  which  are 
broken  down  at  a  subsequent  period;  and  the  nuclei  of  these  original  cells 
may  be  distinctly  seen  for  Bome  time  after  the  appearance  of  the  strijE, 
which  indicate  Iho  formation  of  ihe  fibrille  in  their  inlerior.  In  an  early 
■tage  of  the  development  of  the  fibres,  indeed,  these  bodies  project  con- 
siderably from  their  sides;  in  ihia  respect,  as  well  as  in  others,  there  is  a 
close  correspondence  belweea  the  temporary  character  of  the  Muscular 
fibre  of  Animal  life,  and  the  permanent  condition  of  that  of  Organic  life.  In 
the  fully-formed  muscle  of  Animal  life,  Ihey  are  not  perceptible,  except 
when  a  peculiar  method  haa  been  adopted  for  bringing  them  into  view. 
This  method  consists  in  treating  the  fibre  with  acids,  which  renders  them 
more  opaque,  whilst  the  surrounding  structure  becomes  more  transparent. 
They  are  usually  numerous  in  proportion  to  the  size  of  the  fibre;  when  the 
fibre  is  small,  ss  in  Birds  or  Mammalia,  they  lie  at  or  near  its  surface;  but 
in  those  of  greater  bulk,  as  in  Fishes  and  Reptiles,  they  are  intermingled 
with  the  fibrillffi  through  the  whole  thickness  of  the  fibre,  and  are  brought 
into  view  by  a  transverse  section,  II  would  seem  probable  that  these  bodies 
are  continually  exercising  their  function, — that  of  giving  origin  to  new  cells, 
and  thence  to  new  muscular  tissue;  since  their  amount  is  far  greater  la  the 
adult  than  in  the  fcelus,  their  number  relatively  to  the  bulk  of  the  fascicnll 
(which  is  in  the  foetus  about  one-third  of  that  of  the  adult)  being  nearly  the 
same  at  the  two  periods.  In  the  Larvc  of  several  Insects,  perfect  and  im- 
perfect fibres  may  often  be  found  tying  side  by  side. 

Fig.  34. 


Sugn  oflha  dsrelopinenl  nfnrlpei)  mncular  flbrs. 

a.  AmngsnHniorthe  orimlUve  teUi  InalliinrMriw— AnecSchmnn, 

b.  The  lellK  uniiFd.    The  nuclei  Hpanted,  ind  Hme  bioken  up;  luDcliudlatl  linn  bKrailne  apP*- 
renl.-- From  m  foul  ulflhreeinchealuDg.  ' 

c.  d.  TiMittwrj*  mripM  •ppafent.    In  c,  ihe  nuclei  «ro  Iniernil.and  bulge  the  libra.    Inij.Ui'r  " 
pnmlnsDI  un  Iheaurf .CB.-Tinin  ■  Tsui  a\(aflm  manlhg  <jld.  _ 

t.  TnntitiH  BU)p«e,rull7tinDe<]  uil  dark;  nuclei  dtoappnring  from  tIbw.— From  ilw  humu  loBa'' 

/.  Elemenisrr  Bbra  fnnn  the  adult,  lrHl»d  wlih  acid,  ahuwlDg  ihe  nuclei— Macnlllad  about  XOdla'^' 


Musclei  of  Organic  Life. 

375.  The  Muscular  fibre  of  Organic  life  is  very  different  from  that  whict* 
haa  been  thus  fully  described.  It  consists  of  e  series  of  lubes  which  do  no' 
present  transverse  stri»,  and  in  which  the  longitudinal  stris  are  very  fainC-^ 
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these  tubes  are  usually  much  flattened,  and  cannot  be  shown  to  contain  dis- 
tinct fibrillae.     Their  size  is  usually  much  less  than  that  of  the  fibres  of 
Animal  life;  but,  owing  to  the  extreme  variation  in  the  flattening  which 
they  undergo,  it  is  difhcult  to  make  a  precise  estimate  of  their  dimensions. 
Those  of  the  alimentary  canal  of  Man  are  stated  by  Dr.  Baly  to  measure 
from  about  j-s^^  to  j^Vtt  P^^^  ^^  ^n  inch.     In  all  instances,  the  nuclei  of 
the  cells  in  which  they  originate  are  very  perceptible;  and  from  their  simi- 
larity to  the  imperfectly-formed  fibres  of  Animal  life,  it  would  seem  that 
they  are  rather  to  be  compared  with  these  than  with  \\ie\r  fibrUlx^  to  which 
some  have  considered  them  analogous.     These  fibres  are,  like  those  of  the 
other  muscles,  arranged  in  a  parallel  manner  into  bands  or  fasciculi;  but 
these  fasciculi  are  generally  interwoven  into  a  network,  not  having  any 
fixed  points  of  attachment,  but  contracting  against  each  other.   This  kind  of 
etructiire  is  that  which  forms  the  muscular  coat  of  the  oesophagus,  stomach, 
intesUnal  tube,  bladder,  pregnant  uterus,  and  trachea;  and  perhaps,  also, 
that  of  the  iris.     The  pharyngeal  muscles,  however,  belong  to  the  former 
system.    The  distinctness  between  the  two  is  remarkably  shown  in  bodies 
infested  with  the  Trichina  spiralis,  which,  whilst  it  profusely  infests  the 
former,  is  seldom  or  never  found  in  the  latter;  so  that  there  is  a  definite  line 
of  demarcation,  even  in  closely  contiguous  parts,  such  as  at  the  lower  edge 
of  the  inferior  constrictor  of  the  pharynx.     The  fibres  of  tlie  uterus  some- 
iv'hat  differ  in  aspect  from  those  of  other  parts;  being  much  broader  at  their 
centre,  and  tapering  off  at  their  extremities  into  what  appear  to  be  cylindrical 
parts.     In  the  heart,  according  to  Mr.  Skey,  both  the  Animal  and  Organic 
muscular  fibres  are  found;  and  this  accords  with  the  structure  of  the  organ, 
which  affords  some  fixed  points,  whilst  much  of  its  action  resembles  (ex- 
cept in  its  greater  degree  of  vigour)  that  of  the  muscular  coat  of  the  intes- 
tines.    It  is  a  curious  and  interesting  fact,  that  in  Articulata,  whose  animal 
life  is  so  predommant  (§  22),  the  Animal  muscular  fibre  is  formed  as  per- 
fectly as  in  the  highest  Vertebrata;  whilst  in  Mollusca,  whose  character  is 
exactly  the  reverse  (§  28),  no  striated  fibres  can  be  detected. 

Properties  of  Muscular  Fibre, 

376.  Muscles  may  be  thrown  into  contraction,  so  long  as  they  preserve 
tteir  vitality,  by  stimuli  applied  to  themselves.     Mechanical  and  chemical 
influences,  cold,  heat,  and  electricity,  produce  this  effect.     They  do  not  lose 
^lieir  vitality  immediately  on  the  general  death  of  the  system,  which  must 
^e  considered  as  taking  place  when  the  circulation  ceases  without  a  power 
^>f  renewal;  in  cold-blooded  animals  it  is  retained  much  longer  after  this 
J>€riod,  than  in  the  higher  Vertebrata,  in  some  of  which  it  disappears  within 
^n  hour.     From  experiments  on  the  bodies  of  executed  criminals  who  were 
I>Ye?iously  in  good  health,  Nysten  ascertained  that  in  the  Human  subject, 
*^e  irritability  departs  in  the  following  time  and  order. — The  left  ventricle 
^f  the  heart  first;  the  intestinal  canal  at  the  end  of  45  or  55  minutes;  the 
Urinary  bladder  nearly  at  the  same  time;  the  right  ventricle  after  the  lapse 
^^  an  hour;  the  oesophagus  at  the  expiration  of  an  hour  and  a  half;  the  iris 
^  quarter  of  an  hour  later;  the  muscles  of  Animal  life  somewhat  later;  and 
^^tly,  the  auricles  of  the  heart,  especially  the  right,  which  in  one  instance 
^ntracted  under  the  influence  of  galvanism  I65  hours  after  death.     The 
^uscles  of  young  animals  generally  retain  their  contractility  for  a  longer 
^inae  than  those  of  adults;  on  the  other  hand,  those  of  Birds  lose  their  irrita- 
bility sooner  than  those  of  Mammalia.     Hence,  as  a  general  rule,  the  dura- 
^Q  of  the  irritability  is  inversely  to  the  amount  of  respiration.     Muscidar 
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contractility  is  deadened  by  many  substances,  especially  by  those  which 
have  a  narcotic  or  sedative  action  on  the  nervous  system.  In  carbonic  acid 
gas,  hydrogen,  carbonic  oxide,  or  sulphurous  acid  gas,  muscles  contract 
very  feebly  or  not  at  all  when  stimulated;  whilst  in  oxygen  they  retain 
their  contractility  longer  than  usual.  Narcotic  substances,  such  as  a  watery 
solution  of  opium,  when  applied  directly  to  the  muscles,  have  an  immediate 
and  powerful  effect  in  diminishing  or  even  destroying  their  contractility; 
this  effect  is  also  produced,  though  in  a  less  powerful  degree,  by  injecting 
these  substances  into  the  blood.  In  the  same  manner,  venous  blood, 
charged  with  carbonic  acid,  and  deficient  in  oxygen,  has  the  effect  of  a 
poison  upon  muscles,  diminishing  their  irritability,  when  it  continues  to 
circulate  through  them,  to  such  a  degree,  that  they  sometimes  lose  it  almost 
as  soon  as  the  circulation  ceases,  as  is  seen  in  those  who  have  died  from 
gradual  and  therefore  prolonged  Asphyxia.  The  unfavourable  influence 
of  venous  blood  is  also  shown  in  the  Morbus  Coeruleus;  patients  affected 
with  which  are  incapable  of  any  considerable  muscular  exertion.  Most  of 
the  stimuli  which  occasion  muscular  contraction,  when  directly  applied  to 
their  fibres,  operate  also  when  applied  to  their  motor  nerves;  but  the  same 
does  not  hold  good  in  regard  to  those  agents  which  diminish  contractility. 
It  is  a  fact  of  some  importance,  in  relation  to  the  disputed  question  of  the 
connection  of  muscular  irritability  with  the  nervous  system,  that  when,  by 
the  application  of  narcotic  substances  to  the  nerves,  their  vital  properties 
are  destroyed,  the  irritability  of  the  muscle  may  remain  for  some  time 
longer;  and  the  latter  must,  therefore,  be  independent  of  the  former.  Hence 
we  should  conclude  that  contractility  must  be  a  property  really  inherent  in 
Muscular  tissue,  which  may  be  called  into  action  by  various  stimuli  applied 
to  itself,  and  which  may  be  weakened  by  various  depressing  agents  applied 
to  itself;  and  that  the  nerves  have  the  power  of  conveying  the  stimuli  which 
call  the  property  into  action,  but  have  little  or  no  other  influence  on  it. 

37T.  It  seems  to  be  a  general  law  of  Muscular  Contraction,  that  it  shall 
alternate  with  relaxation  at  no  long  intervals.     This  is  most  evident  in  the 
action  of  the  Heart,  and  in  the  peristaltic  movements  of  the  Alimentary 
canal.     In  these  parts,  the  whole  or  a  large  part  of  the  fibres  seem  to 
contract  together,  and  then  shortly  to  relax;  but  it  is  probably  no  \es8 
true,  as   has   been  just  shown,  of  the   individual  fibres  of  the  muscles 
which  are  kept  in  a  state  of  contraction  by  an  effort  of  the  will,  since  none 
of  them  appear  to  remain  in  a  contracted  state  for  any  length  of  time 
The  peculiar  contractility  of  Muscular  tissue,  like  the  vital  properties  ^:>f 
other   parts,  is   diminished   by  want  of  action;  and   in  this,  as  in  oiKer 
cases,  it  is  quite  clear  that  the  cause  of  its  loss  is  to  be  found  in  the  alter- 
ation of  the  nutritive  processes,  which  results  from  the  cessation  of  tlie 
usual  operations  of  the  part  (§221).     In  persons  whose  lower  extremities 
have,  from  any  cause,  been  long  disused,  not  only  does  the  bulk  of  the 
muscles  greatly  diminish,  but  their  characteristic  structure  in  great  part  <Ji*" 
appears,  degenerating  into  fat  mixed  with  ordinary  fibrous  tissue.     Oa   ^* 
other  hand,  a  frequently-renewed  exercise  of  muscular  contractility  increases 
the  power,  by  stimulating  the  increased  nutrition  of  the  muscles,  whi'c^ 
become  more  developed,  and  consequently  more  powerful;  this  is  well  soe^ 
in  the  arms  of  the  Smith  or  Waterman,  and  in  the  legs  of  the  Opera-danc^''* 
But  the  exercise  must  not  be  too  constant;  for  it  appears  to  be  during  t^^ 
intervals  of  rest,  that  the  increased  nutrition  chiefly  takes  place;  and  if  tfi^ 
action  be  of  a  violent  character,  the  contractility  of  the  muscle  is  for  a  tito^ 
exhausted,  and  can  only  be  restored  by  an  interval  of  inactivity.     There  J^ 
no  foundation,  however,  for  the  belief,  which  has  been  entertained  by  som  ^ 
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physiologists,  that  the  irritability  of  a  muscle  may  accumulate  during  a  state 
of  inaction;  the  fact  being,  as  just  stated,  that  prolonged  inactivity  diminishes 
^e  vital  energy  of  the  part.  The  experiments  which  appear  to  favour  such 
a  doctrine  are  to  be  explained  in  other  ways;  thus,  when  Heat  is  employed 
as  a  stimulus,  after  the  continuance  for  a  short  time  of  cold,  an  unusual 
effect  takes  place,  which  is  evidently  to  be  ascribed  to  the  greater  amount 
oi  change  of  temperature  involved  in  its  application, — the  degree  of  change, 
rather  than  the  absolute  elevation,  being  tliat  which  determines  the  force  of 
the  stimulus. 

378.  The  effects  of  stimuli  locally  applied  to  portions  of  the  Muscles  of 
Animal  life  are  very  different  from  those  which  result  from  their  applica- 
tion to  the  muscles  of  Organic  life.  If,  for  example,  we  irritate  mechani- 
cally a  portion  of  the  Biceps,  the  fasciculus  of  fibres  which  is  touched  will 
contract,  but  the  surrounding  parts  will  be  unaffected,  and  the  contracted 
fasciculus  soon  relaxes;  in  fact,  the  only  way  to  call  the  whole  muscle  into 
contracUon  at  once  is  to  stimulate  it  through  its  nerves.  On  the  other  hand, 
if  inre  apply  a  similar  irritation  to  the  intestinal  canal,  when  in  a  state  ojf 
equal  cootnetility,  the  fasiculus  which  is  stimulated  shortens  in  a  much 
greater  degree,  and  propagates  its  action  in  a  wave-like  manner  to  other 
bundles  of  fibres,  so  that  successive  contractions  and  relaxations  may  be 
produced  through  a  considerable  part  of  the  canal  by  a  single  prick  with 
the  point  of  a  scalpel:  but  the  contractions  into  which  these  same  fibres  are 
thrown  by  irritating  their  nerves  are  for  the  most  part  feeble  and  undecided 
($  200j.  It  is,  indeed,  a  curious  fact,  corroborative  of  what  has  been  just 
•ud  of  the  influence  of  narcotics,  that  the  ganglionic  nerves  much  sooner 
lose  their  power  of  exciting  these  muscles  to  contraction  when  themselves 

irritated,  than  the  muscles  lose  their  power  of  contracting  when  directly 

ttimnlated. 

379.  There  can  be  no  doubt  that  it  is  through  the  motor  or  efferent 
nenres,  that  contraction  is  ordinarily  excited  in  the  muscles  of  the  first  class, 
in  the  Tmng  body;  and  these  nerves  may,  as  formerly  shown,  convey  the 
influence  of  volition,  of  emotional  or  instinctive  operations  of  mind,  or  of 
the  reflex  action  of  the  Spinal  Cord.  As  the  effect  produced  upon  the 
mntcle  is  in  all  instances  similar,  there  can  be  little  doubt  that  the  stiniu- 
Ins  actually  communicated  by  the  nerve  is  the  same.  The  motor  nerves 
<:annot  be  properly  said  to  terminate  in  the  muscles;  for  the  trunks  form  a 


Fig.  35. 
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kind  of  network  in  their  substance,  the  fibres  which  they  send  ofT  returning 
again  to  themselves,  by  loops,  or  to  other  trunks.  In  what  manner  the 
stimulus  is  conveyed  and  communicated  can  only  be  at  present  a  matter  of 
speculation;  that  the  influence  is  of  an  electrical  kind  has  been  supposed  by 
some,  principally  on  account  of  the  similarity  between  muscular  contrac- 
tions excited  by  galvanism  transmitted  through  the  nerves,  and  those  ordi- 
narily produced  by  voluntary  direction.  But  it  is  to  be  remembered  that 
other  agents,  both  physical  and  chemical,  may  produce  the  same  efiect; 
and  there  are  objections,  which  at  present  appear  insuperable,  to  the  belief 
that  nervous  influence  and  electricity  are  identical,  whatever  may  be  the 
analogy  in  their  mode  of  operation.  The  muscles  of  the  second  class  appear 
to  be,  in  the  living  body,  much  seldomer  called  into  contraction  through 
their  nerves,  than  they  are  by  stimuli  applied  directly  to  themselves.  The 
will  has  no  power  over  them;  and  they  would  seem  to  be  rather  affected  by 
those  emotional  conditions  of  mind,  which  volition  cannot  imitate.  This 
influence  is  continually  experienced  in  the  action  of  the  heart,  and  probably 
also  affects  the  movements  of  the  intestinal  tube. 

380.  The  continual  and  evident  influence  of  the  Nervous  System  upon 
Muscular  contractility,  has  led  many  physiologists  to  the  belief,  that  the 
latter  is  dependent  upon  the  agency  of  the  former.  Two  views  upon  this 
question  have  been  commonly  taught,  to  both  of  which  it  seems  necessary 
to  devote  a  brief  consideration.  The  first  of  these  is,  that  Mascular 
Irritability  is  derived  from  some  influence  or  energy  communicated  from 
the  Brain  or  Spinal  Cord.  This  opinion  is  evidently  analogous  to  that 
which  attributes  the  vital  properties  of  other  parts  to  the  Nervous  System 
alone;  and  it  is  open  to  the  same  objection,  in  limine,  which  has  been 
applied  to  the  latter,— the  improbability  that  any  one  of  the  solid  textures 
of  the  living  body,  should  have  for  its  oflfice  to  give  to  any  other  the  power 
of  taking  on  any  vital  action.  Moreover  it  is  inconsistent  with  the  fact 
that,  in  Vegetables,  tissues  endowed  with  a  high  degree  of  contractility 
exist,  and  manifest  their  property  when  a  stimulus  is  directly  applied  to 
themselves,  which,  nevertheless,  can  have  no  dependence  whatever  upon  a 
nervous  system;  and  in  the  lower  classes  of  Animals  there  is  good  reason 
to  believe,  that  the  property  is  much  more  universally  diflused  through 
their  tissues,  than  nervous  agency  can  be.  Again,  the  action  of  the  heart 
may  be  kept  up,  in  the  highest  animals,  by  taking  care  that  the  current  of 
the  circulation  be  not  interrupted,  for  a  long  time  after  the  removal  of  the 
brain  and  spinal  cord;  it  may  even  continue  when  completely  separated 
from  the  body,  which  shows  that  the  ganglionic  system  cannot  supply  any 
influence  necessary  to  it;  and  there  are  many  instances  in  which  the 
human  foetus  has  come  to  its  full  size,  so  that  its  heart  must  have  regularly 
acted,  without  the  existence  of  a  brain  or  spinal  cord.  Further,  the  irri- 
tability of  muscles  of  the  first  class  continues  for  a  long  time  after  their 
nerves  are  divided,  and  may  be  called  into  action  by  stimuli  directly  applied 
to  the  parts  themselves,  or  to  tlieir  nerves  below  the  section,  so  long  as 
their  nutrition  is  unimpaired. 

381.  The  loss  of  the  irritability  of  muscles,  within  a  few  weeks  af\er  the 
section  of  their  nerves,  on  which  great  stress  has  been  laid  by  Miiller  in 
support  of  a  modified  form  of  the  above  doctrine,  (it  being  maintained  by 
this  distinguished  physiologist,  that,  if  muscular  irritability  is  not  depend* 
ent  on  the  Brain  and  Spinal  Cord,  they  supply  some  influence  essential  to 
its  exercise,)  is  clearly  due  to  the  alteration  in  their  nutrition  consequent 
upon  their  disuse.     This  has  been  recently  proved  to  demonstration,  by 
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the  very  ingenious  experiments  of  Dr.  J.  Reid.*  **  The  spinal  nerves  were 
cul  across,  as  ihey  lie  in  the  lower  part  of  the  spinal  canal,  in  four  frogs; 
and  both  posterior  extremities  were  thus  insulated  from  their  nervous  con- 
nections with  the  spinal  cord.     The  muscles  of  one  of  the  paralyzed  limbs 
were  daily  exercised  by  a  weak  galvanic  battery;  while  those  of  the  other 
limb  were  allowed  to  remain  quiescent.     This  was  continued   for  two 
months;  and  at  the  end  of  that  time,  the  muscles  of  the  exercised  limb 
retained  their  original  size  and  firmness  and  contracted  vigorously,  while 
those  of  the  quiescent  limb  had  shrunk  to  at  least  one-half  of  their  former 
bulk,  and  presented  a  marked  contrast  with  those  of  the  exercised  limb. 
The  muscles  of  the  quiescent  limb  still  retained  their  contractility,  even  at 
the  end  of  two  months;  but  there  can  be  little  doubt  that,  from  their  imper- 
fect natrition,  and  the  progressing  changes  in  their  physical  structure,  this 
would  in  no  long  time  have  disappeared,  had  circumstances  permitted  the 
prolongation  of  the  experiment."     This  experiment  satisfactorily  explains 
the  fact  observed  by  Dr.  M.  Hall,  and  heretofore  adverted  to  (§  208),  that, 
in  cases  in  .which  the  cause  of  the  paralysis  is  situated  in  the  Brain,  and 
the  Spinal  Cord  and  its  nerves  are  unaffected,  the  irritability  of  the  muscles 
of  the  paralyzed  part  is  not  destroyed,  even  after  a  considerable  lapse  of 
time.     For,  if  the  capability  of  performing  reflex  actions  still  exist  on  the 
part  of  the  nervous  system,  it  is  manifest  Uiat  the  muscles  will  be  continu- 
ally excited  to  action  through  this  channel,  and  that  their  nutrition  and  vital 
properties  will  thereby  be  preserved,  as  they  were  in  Dr.  Reid's  experi- 
ments by  the  artificial  excitement  of  galvanism.     Hence  Dr.  M .  Hall's 
opinion,  that  the  property  of  Muscular  Contractility  is  derived  from  the 
Spinal  Cord,  is  no  more  tenable  than  that  which  locates  it  in  the  Brain. 

382.  The  loss  of  contractility  from  section  of  the  nerves  takes  place 
more  speedily  in  warm-blooded  Vertebrata,  all  whose  vital  operations  are 
performed  with  a  much  greater  activity,  than  in  Reptiles  and  other  cold- 
blooded animals.     Dr.  Reid  found  that,  in  a  Rabbit,  a  portion  of  whose 
seiatic  nerve  had  been  removed  on  one  side,  the  muscles  of  that  leg  were 
Imt  very  feebly  excited  to  contraction  by  Galvanism,  after  the  lapse  of 
seven  weeks.     The  change  in  their  nutrition  was  evident  to  the  eye,  and 
'^as  made  equally  apparent  by  the  balance.     The  muscles  of  the  paralyzed 
limb  were  much  smaller,  paler,  and  softer,  than  the  corresponding  muscles 
of  the  opposite  leg;  and  they  scarcely  weighed  more  than  half,  being  only 
170  grains,  whilst  the  others  were  327  grains.     It  was  found,  also,  that  a 
perceptible  difference  existed  in  the  size  of  the  bones  of  the  leg,  even  after 
so  short  an  interval  had  elapsed;  the  tibia  and  fibula  of  the  paralyzed  limb 
Weighing  only  81  grains,  whilst  those  of  the  sound  limb  weighed  89  grains. 
On  examining  the  muscular  fibres  with  a  microscope,  it  was  found  that 
^l^ose  of  the  paralyzed  leg  were  considerably  smaller  than  those  of  the  sound 
^b,  and  presented  a  somewhat  shrivelled  appearance;  and  that  the  longi- 
^dinal  and  transverse  striae  were  much  less  distinct. 

383.  Another  equally  satisfactory  proof,  that  the  loss  of  Contractility, 
*Mch  follows  the  severance  of  the  connection  between  the  Nervous  centres 
^  the  Muscle,  is  not  immediately  due  to  the  interruption  of  any  influence 
<^romunicated  by  the  former,  has  been  given  by  the  experiments  of  Dr. 
J*  Keid.  It  was  asserted  by  Mr.  Earle  (and  the  statement  has  been 
"^pealed  by  Miiller)  that,  if  the  irritability  of  a  muscle,  whose  nerves  have 
^n  divided,  be  exhausted  by  repeated  stimulation,  it  cannot  be  recovered. 

Il^r.  J.  Reid  has  shown,  however,  that  the  means  employed  by  Mr.  E.  to 
♦  Edinburgh  Monthly  Journal  of  Medical  Science,  May,  1841. 
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exhaust  the  irritability  were  such,  as  would  probably  induce  an  inflamma- 
tory condition  of  the  muscle,  and  would  thereby  interfere  with  the  nutritive 
processes  which  would  be  necessary  to  reestablish  the  irritability  during 
the  state  of  subsequent  quiescence.  And  he  has  further  proved,  that  if  the 
contractility  be  exhausted  by  means  which  have  no  such  unfavourable  ten- 
dency, and  the  other  conditions  favour  the  normal  performance  of  the  nutrient 
processes,  the  irritability  is  restored,  and  remains  for  some  time.  His  first 
experiments  were  on  cold-blooded  animals,  and  they  would  in  themselves 
be  sufficiently  satisfactory;  but  he  has  since  repeated  them  in  the  Rabbit, 
and  established  the  fact  beyond  all  doubt.  *'  The  sciatic  nerve  was  divided 
in  the  Rabbit,  and  a  portion  of  it  removed.  One  wire  from  two  galvanic 
batteries  consisting  of  thirty  pairs  of  plates,  was  applied  over  the  course  of 
the  nerve;  and  the  other  wire  was  applied  over  the  foot,  which  was  kept 
moist,  until  the  muscles  had  ceased  to  contract.  Three  days  after  this  a 
weaker  battery  was  used,  and  the  muscles  of  the  limb  had  recovered  their 
contractility,  and  contracted  powerfully.  The  more  powerful  battery  was 
used  as  before,  until  the  muscles  had  ceased  to  respond  to  the  excitement; 
and  three  days  after  this,  they  had  again  recovered  their  contractility.'*  It 
seems  scarcely  possible  to  draw  any  other  inference  from  these  experiments, 
than  that  Contractility  is  a  property  inherent  in  Muscular  tissue,  and  that 
the  agency  of  the  Nervous  system  upon  it  is  merely  to  call  it  into  active 
operation. 

384.  The  second  doctrine  above  referred  to  (§  380^  as  having  been  taught 
by  some  Physiologists,  is  that  Muscles,  though  not  ciependent  on  nerves  for 
vital  power,  are  yet  dependent  upon  them  for  the  exercise  of  that  power,— 
all  stimuli,  which  excite  muscles  to  contraction,  operating  first  on  the  nervous 
filaments  which  enter  muscles,  and  through  them  on  the  muscular  fibres. 
The  facts  which  have  been  already  stated  in  regard  to  the  ordinary  action 
of  the  Muscles  of  Organic  life,  furnish  a  sufiicient  answer  to  this  hypothesis. 
It  is  with  great  difficulty  that  these  can  be  made  to  display  their  irritability 
by  any  stimuli  applied  to  their  nerves;  whilst  they  manifest  it  strongly, 
when  the  stimulus  is  directly  applied  to  themselves.  Even  in  the  Muscles 
of  Animal  life,  individual  fasciculi  may  be  thrown  into  action  in  the  same 
manner,  although  the  entire  mass  cannot  be  put  into  combined  operation, 
except  by  a  stimulus  simultaneously  communicated  to  the  whole,  which  the 
nerve  affords  the  readiest  means  of  eficcting.  Perhaps  the  most  satisfac- 
tory disproof  of  it,  however,  is  to  be  found  in  the  observation  of  Mr.  Bowman 
already  cited  (§371),  that  a  single  fibre,  completely  isolated  from  all  its  con- 
nections, may  be  seen  with  the  microscope  to  pass  into  a  state  of  contraction, 
under  the  influence  of  direct  irritation.  Further,  it  has  been  experimentally 
ascertained  that  there  are  some  chemical  stimuli,  which  will  produce  the 
contraction  of  muscles  when  directly  applied  to  them,  but  of  which  the  influ- 
ence cannot  be  transmitted  through  the  nerves;  this  is  especially  the  case 
with  regard  to  acids. 

385.  When  all  these  considerations  are  allowed  their  due  weight,  we  can 
scarcely  do  otherwise  than  acquiesce  fully  in  the  doctrine  of  Haller,  which 
involves  no  hypothesis,  and  which  is  perfectly  conformable  to  the  analogy 
of  other  departments  of  Physiology.  He  regarded  every  part  of  the  body 
which  is  endowed  with  irritability,  as  possessing  that  property  in  and  by 
itself;  but  considered  that  the  property  is  subjected  to  excitement  and  control 
from  the  Nervous  System,  the  agency  of  which  is  one  of  the  stimuli  that 
can  call  it  into  operation.  It  may  be  desirable  to  recapitulate  briefly  the 
facts  by  which  this  doctrine  is  supported.  1.  The  existence  in  Vegetables 
of  irritable  tissues,  which  are  excited  to  contraction  by  stimuli  directly  ap- 
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plied  to  themselves,  and  can  be  in  no  way  dependent  upon,  or  inflaenced 
by,  a  nervous  system.     2.  The  existence  in  Animals  of  a  form  of  Muscular 
tissue,  which  is  especially  connected  with  the  maintenance  of  the  Organic 
functions,  and  which  is  much  more  readily  excited  to  action  by  direct  stimu- 
lation, than  it  is  by  nervous  agency.     3.  The  fact  that,  by  the  agency  of 
these,  the  organic  functions  may  go  on  (as  long  as  their  other  requisite  con- 
ditions are  supplied)  after  the  removal  of  the  nervous  centres,  and  when 
none  were  ever  present;  rendering  it  next  to  certain  that  their  ordinary 
operations  are  not  dependent  upon  any  stimuli  received  through  the  nerves, 
but  upon  those  directly  applied  to  themselves.     4.  The  persistence  of  irri- 
tability in  muscles  for  some  time  after  the  nerves  have  ceased  to  be  able  to 
convey  to  them  the  effects  of  stimuli;  this  is  constantly  seen  in  regard  to 
the  ganglionic  system  of  nerves  and  the  muscles  of  Organic  life  upon  which 
they  operate;  and  may  also  be  shown  to  occur  in  the  cerebro-spinal  system 
and  the  muscles  of  Animal  life,  by  the  agency  of  narcotics.     5.  The  per- 
sistence of  irritability  in  the  muscles,  after  their  complete  isolation  from  the 
nervous  centres,  so  long  as  their  nutrition  is  unimpaired;  and  the  effects  of 
frequent  exercise,  in  preventing  the  impairment  of  the  nutrition  and  the  loss 
of  irritability.     6.  The  recovery  of  the  irritability  of  muscles,  when  isolated 
from  the  nervous  centres,  after  it  has  been  exhausted  by  repeated  stimula- 
tion; this  also  depends  upon  the  healthy  performance  of  the  nutritive  actions. 
7.  The  contraction  of  muscular  fibre  under  the  microscope,  when  completely 
isolated  from  all  other  tissues. — In  the  words  of  Dr.  Alison,  then,  "  the  only 
ascertained  final  cause  of  all  endowments  bestowed  on  Nerves  in  relation  to 
Muscles,  in  the  living  body,  appears  to  be,  not  to  make  Muscles  irritable, 
but  to  subject  their  irritability,  in  different  ways,  to  the  dominion  of  the  acts 
and  feelings  of  the  Mind,'* — to  its  volitions,  emotions,  and  instinctive  deter- 
minations. 

B86.  There  can  be  no  doubt,  however,  that  the  Nervous  System  is  capa- 
ble of  exerting  an  influence  upon  the  property  itself;  for  we  find  that 
sudden  and  severe  injuries  of  the  Nervous  Centres  have  power  to  impair, 
tiirectly  and  instantaneously,  or  even  to  destroy,  the  contractility  of  the 
^hole  Muscular  system;  so  that  death  immediately  results,  and  no  irri- 
tability subsequently  remains.     It  is  in  this  manner  that  the  sudden  de- 
•tmction  of  the  Brain  and  Spinal  Cord,  especially  of  the  latter,  occasion 
^e  immediate  cessation  of  the  heart's  action;  though  they  may  be  gra- 
dually removed  without  any  considerable  effect  upon  it.    Severe  concussion 
^  the  same  effect;  hence  the  Syncope  which  immediately  displays  itself, 
'tis  sometimes  an  important  question  in  Forensic  Medicine,  whether  an  in- 
^daal,  who  has  died  from  the  effects  of  a  blow  upon  the  head,  could  have 
^td  from  the  place  where  the  blow  was  inflicted.     If  there  be  found,  as 
u  frequently  the  £ase,  no  sensible  disorganization  of  the  brain,  the  death 
liQstbe  attributed  to  the  concussion,  and  must  have  been  in  that  case  tm- 
^iate.    If,  on  the  other  hand,  effusion  of  blood  has  taken  place  within 
^c  cranium,  to  any  considerable  extent,  it  is  probable  that  the  first  effects 
of  the  blow  were  in  some  degree  recovered  from,  and  that  the  circulation 
^ss  re-established.     It  is  not  essential,  however,  that  the  impression  should 
be  primarily  made  upon  the  cerebro-spinal  system.     The  well-known  fact 
of  mdden  death  not  unfrequently  resulting  from  a  blow  on  the  stomach, 
«»pecially  after  a  full  meal,  without  any  perceptible  lesion  of  the  viscera, 

\cleariy  indicates  that  an  impression  upon  the  widely-spread  coeliac  plexus 
of  ganglionic  nerves  (which  will  be  much  more  extensively  communicated 
|o  them  when  the  stomach  is  full  than  when  it  is  empty)  may  cause  the 
iminediate  cessation  of  the  heart's  action,  in  the  same  manner  as  a  violent 
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injury  of  the  brain  or  spinal  cord.  Now  it  is  interesting  to  remark  that, 
in  all  these  cases,  the  whole  vitality  of  the  system  appears  to  be  destroyed 
at  once;  for  the  processes  which  would  otherwise  succeed  the  injury,  and 
which,  after  other  kinds  of  death  less  sudden  in  their  character,  produce 
evident  changes  in  the  part  of  the  surface  which  has  immediately  received 
it,  are  here  entirely  prevented.  An  instance  is  on  record,  in  which  a 
criminal  under  sentence  of  death  determined  to  anticipate  the  law  by  self- 
destruction.  Having  no  other  means  of  accomplishing  his  purpose,  he 
stooped  his  head  and  ran  violently  against  the  wall  of  his  cell;  he  imme- 
diately fell  dead;  and  no  mark  of  contusion  showed  itself  on  his  forehead. 
The  same  absence  of  the  usual  results  is  to  be  noticed  in  the  case  of  blows 
on  the  stomach.  Yet  it  is  well  known  that  many  of  the  ordinary  vital 
processes  will  take  place  in  the  injured  parts,  after  death  of  a  more  linger- 
ing nature;  the  vitality  of  the  individual  organs  not  being  destroyed  imme- 
diately on  the  severance  of  the  chain  which  binds  together  the  different 
functions. 

387.  The  influence  of  severe  impressions  on  the  nervous  system  in  dimi- 
nishing, where  it  does  not  altogether  destroy,  muscular  contractility,  is  well 
seen  in  the  eflfect  of  severe  injuries  aflfecting  vital  organs,  or  extending  over 
a  large  part  of  the  surface,  in  depressing  the  heart's  action.  This  is  a  well- 
known  result  of  severe  burns,  especially  in  children,  whose  nervous  system 
is  more  susceptible  of  such  impressions  than  that  of  the  adult;  also  of  the 
rupture  of  the  alimentary  canal,  of  the  bladder  or  uterus;  and  of  the  shat- 
tering of  one  of  the  extremities  by  violence  affecting  a  large  part  of  their 
substance.  In  all  these  cases,  the  sufferer  is  in  the  same  condition  with 
one  who  has  received  a  severe  blow  on  the  head  that  does  not  quite  stun 
him;  the  shock  immediately  diminishes  the  muscular  contractility  of  the 
whole  system;  and  its  influence  on  the  heart,  which  of  course  manifests 
itself  most  conspicuously,  produces  a  degree  of  depression  which  is  fre- 
quently never  recovered  from,  and  which  at  any  rate  renders  necessary 
the  employment  of  stimulants  for  the  purpose  of  counteracting  this  very 
dangerous  eflfect.*  Excessive  mental  emotion,  of  a  kind  not  in  itself 
depressing,  may  occasion  the  sudden  cessation  of  the  heart's  action,  and 
a  general  loss  of  muscular  contractility;  and  it  is  well  known  that  mus- 
cular power  is  greatly  diminished  by  emotions,  which  produce  no  other 
direct  action. 

388.  There  is  no  evidence  that  muscular  irritability  can  be  increased  by 
any  cause  operating  through  the  nervous  system.  It  is  well  known  that, 
under  the  stimulus  of  alcohol,  nitrous  oxide,  &c.,  or  of  some  purely  mental 
excitement,  individuals  can  perform  actions  requiring  a  degree  of  strength, 
which  they  cannot  exert  under  any  other  circumstances.  But  it  does  not 
hence  follow  that  the  irritability  is  increased;  since  the  energy  of  the  action 
may  be  due  solely  to  the  power  of  the  stimulus  by  which  it  is  excited.  It 
is  well  known  that  stiinulaiing:  agents,  which  thus  temporarily  increase 
muscular  power,  primarily  excite  the  nervous  system,  as  is  shown  by  the 
increased  mental  activity  which  results  from  the  moderate  use  of  alcohol, 

•  The  large  quantity  of  stimulus  which  can  be  borne  even  by  children,  suffering  an- 
dersevereburns,  is  very  extraordinary.  There  can  be  no  doubt  that  many  lives  hare 
been  saved  by  the  judicious  administration  of  them  to  an  amount,  which  would  a 
priori  have  been  judged  in  itself  fatal;  but  that  many  more  have  been  sacrificed  to 
neglect,  even  on  the  part  of  those  whose  -iuty  it  is  to  waich  the  indications  with  the 
closest  attention.  The  Author's  observation  leads  him  to  believe,  that  Hospital- Nurses 
very  commonly  make  up  their  minds  that  children,  who  have  met  with  severe  burns, 
must  die;  and  that,  unless  closely  watched,  they  neglect  the  means  of  which  Science 
and  Experience  alike  dictate  the  free  employment. 
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nitrous  oxide,  opium,  &c.;  and  it  does  not  seem  necessary,  therefore,  to  go 
further  in  search  of  an  explanation  of  their  effect  on  muscular  action.  It 
is  worthy  of  remark  that,  whilst  the  influence  of  general  depressing  causes 
acting  through  the  Nervous  System,  is  primarily  manifested  on  the  muscles 
of  Organic  life,  that  of  stimulants  chiefly  shows  itself  in  the  muscles  sub- 
jected to  the  Will. 

389.  The  last  general  question  now  to  be  considered  regarding  Muscular 
Contractility,  is  that  which  relates  to  the  Rigor  Mortis.    The  temporary 
stiffening  of  the  body  after  death,  from  a  general  contraction  of  its  muscles, 
is  a  phenomenon  which  is  rarely  absent;  though  it  may  be  so  slight,  and 
may  last  for  so  short  a  time,  as  to  escape  observation.     The  period  which 
elapses  before  its  commencement  is  as  variable  as  its  duration;  and  both  ap- 
pear t(^  be  in  some  degree  dependent  upon  the  vital  condition  of  the  body 
at  the  time  of  death.  When  the  fatal  termination  has  supervened  on  slow  and 
wasting  disease,  occasioning  great  general  depression  of  the  vital  powers, 
the  ri^ity  usually  developes  itself  very  early,  and  lasts  for  some  time. 
In  diseases  which  powerfully  aflfect  the  nervous  energy,  such  as  Typhus, 
this  is  the  ease,  even  though  they  have  not  been  of  long  duration.     Thus, 
after  death  from  Typhus,  the  limbs,  have  been  sometimes  known  to  stiffen 
within  15  or  20  minutes.  The  same  is  observed  in  infants  and  in  old  people. 
On  the  other  hand,  where  the  general  energy  has  been  retained  up  to  a  short 
period  before  death,  the  rigidity  is  much  later  in  coming  on,  and  lasts  longer; 
this  happens,  for  example,  in  many  cases  of  Asphyxia  and  Poisoning,  in 
which  it  has  been  said  not  to  occur  at  all.     The  commencement  of  the 
rigidity,  however,  is  not  usually  prolonged  much  beyond  seven  hours;  but 
twenty  or  even  thirty  hours  may  elapse  before  it  shows  itself.     Its  general 
daration  is  At>m  twenty-four  to  thirty-six  hours;  but  it  may  pass  off  much 
more  rapidly;  or  it  may  be  prolonged  through  several  days.     An  attempt 
has  been  made  to  connect  it  with  the  lowering  of  the  temperature  of  the 
dead  body;  but  with  this  it  does  not  seem  to  have  any  relation.     It  occurs 
in  cold-blooded  Vertebrata,  and  even  in  Invertebrata,  as  well  as  in  warm- 
blooded animals;  and  it  has  frequently  been  noticed  to  commence  in  the 
latter,  long  before  the  heat  has  entirely  departed  from  the  body.  Moreover, 
it  appears  first  upon  the  trunk,  which  is  the  region  last  deserted  by  the  ca- 
loric.    It  first  affects  the  neck  and  lower  jaw,  and  seems  gradually  to  travel 
downwards;  but  according  to  some  observers,  the  lower  extremities  are  stiff- 
ened before  the  upper.     In  its  departure,  which  is  immediately  followed  by 
decomposition,  the  same  order  is  observed.    It  affects  all  the  muscles  nearly 
ilike;  but  tlie  flexors  are  usually  somewhat  more  contracted  than  the  exten- 
lon,  so  that  the  fingers  are  somewhat  flexed  on  the  palm,  and  the  forearm 
on  the  arm;  and  the  lower  jaw,  if  previously  drooping,  is  commonly  drawn 
finnly  against  the  upper.     It  is  remarkable  that  it  is  equally  intense  in  mus- 
des  which  have  been  paralyzed  by  hemiplegia,  provided  that  no  considerable 
change  has  taken  place  in  their  nutrition. 

390.  The  muscular  contraction  which  gives  rise  to  the  Rigor  Mortis, 
appears  to  be  of  the  same  kind  with  that  which  takes  place  under  the  in- 
iaenee  of  nervous  agency,  though  differing  as  to  its  conditions.  When 
very  strong,  it  renders  the  muscles  prominent,  as  in  voluntary  contraction; 
end  the  comparative  observations  of^  Mr.  Bowman  upon  the  state  of  mus- 
cnlar  fibre  passing  into  this  condition,  and  upon  that  which  presented 
i  nvioQs  degrees  of  contraction  from  ordinary  causes,  leave  no  doubt  as  to 
I  their  correspondence.  It  is  to  be  remarked,  however,  that  the  tendency 
■  of  the  muscle  to  contract  upon  the  ordinary  stimuli,  appears  to  be  almost 
«  invariably  lost  or  greatly  diminished  before  the  rigor  mortis  commences. 
1  36 
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This  statement  holds  good  in  regard  to  animals  of  different  classes,  as  well 
as  to  Man  under  various  conditions.  Thus  in  Birds,  whose  muscles  most 
speedily  lose  their  contractility,  the  cadaveric  rigidity  is  most  quickly  ex- 
hibited; whilst  in  Reptiles  it  is  much  longer  in  commencing,  the  irritability 
of  the  muscles  being  more  persistent.  An  attempt  has  been  made  to  show 
a  correspondence  between  the  rigor  mortis  and  the  coagulation  of  the  blood 
in  the  vessels;  and  there  is  certainly  evidence  enough  to  make  it  appear 
that  some  analogy  exists  between  these  two  actions,  though  they  are  far 
from  being  identical.  After  those  forms  of  death  in  which  the  blood  does 
not  coagulate,  or  coagulates  feebly,  the  rigidity  commonly  manifests  itself 
least,  but  this  is  by  no  means  an  invariable  rule.  It  seems  probable  that, 
as  the  coagulation  of  the  blood  will  be  shown  to  be  the  last  act  of  its 
vitality,  so  the  stiffening  of  the  muscles  is  the  expiring  effort  of  theirs. 
The  property  to  which  it  is  due,  however,  would  appear  to  be  of  a  diflfer- 
ent  character  from  ordinary  irritability.  This  may  be  inferred  from  the 
fact,  that  the  rigidity  does  not  ordinarily  come  on,  until  after  the  contrac- 
tility has  departed  sometimes  for  a  considerable  period;  and  also  from  the 
circumstance  observable  in  most  cases  of  Asphyxia,  that  the  rigidity  is  very 
decided  and  prolonged,  whilst  the  contractility  is  speedily  lost.  This 
property,  to  which  the  name  of  Tonicity  has  been  given,  is  probably  the 
same  as  that  which  partly  occasions  the  retraction  of  the  muscle  when 
divided  during  life;  the  degree  of  this  retraction  being  much  greater  than 
that  seen  in  a  muscle  which  has  been  for  some  time  dead.  Moreover 
this  kind  of  tonic  contraction  is  more  directly  excited  by  heat  than  that 
which  results  from  ordinary  contractility;*  and  it  is  not  excited  by  galvan- 
ism or  mechanical  irritation,  which  so  powerfully  act  on  the  latter.  It  is 
interesting,  moreover,  to  remark  that  the  state  of  habitual  preponderance 
during  sleep,  of  the  flexor  over  the  extensor  muscles  (which  last  are  the 
stronger),  is  explicable  by  attributing  it  to  the  same  property;  the  manifes- 
tations of  which  thus  correspond,  whether  the  contractility  of  the  muscles 
be  in  a  dormant  or  unexcited  state,  or  whether  it  have  altogether  departed 
from  the  tissue. 

391.  It  is  necessary  to  bear  in  mind,  when  the  phenomena  of  cadaveric 
rigidity  are  brought  into  question  in  juridical  investigations,  that  a  state  at 
first  sight  corresponding  to  it  may  supervene  immediately  upon  death,  from 
some  peculiar  condition  of  the  nervous  and  muscular  systems  at  the  mo- 
ment. This  has  been  observed  in  some  cases  of  Asphyxia;  but  chiefly 
when  death  has  resulted  from  apoplexy  following  chronic  ramollissement 
of  the  brain  or  spinal  cord.  This  contraction,  which  is  obviously  of  a 
tetanic  character,  ceases  after  a  few  hours,  and  is  then  succeeded  by  a  state 
of  flexibility,  after  which  the  ordinary  rigidity  supervenes.  The  following 
case  illustrates  the  nature  of  the  inquiries  to  which  this  condition  may  give 
rise.*  The  body  of  a  man  was  found  in  a  ditch,  with  the  trunk  and  limbs 
in  such  a  relative  position,  as  could  only  be  maintained  by  the  stiflfness  of 
the  articulations.  This  stiflfness  must  have  come  on  at  the  very  moment 
when  the  body  took  that  position;  unless  it  could  be  imagined  that  the 
body  had  been  supported  by  the  alleged  murderers,  until  the  joints  were 
locked  by  cadaveric  stiffness.  A  post-mortem  explanation  showed  that 
there  was  no  necessity  for  this  supposition,— obviously  a  very  improbable 
one  in  itself, — by  aflbrding  suflScient  evidence  that  apoplexy,  resulting 
from  chronic  disease,  was  the  cause  of  death.  A  case  occurred  a  few  yean 
since  in  Scotland,  in  which  the  same  plea  was  raised.  The  body  was  found 

*  Annates  d'Hygitoe,  torn.  vii. 
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in  a  position  in  which  it  could  have  only  been  retained  by  rigidity  of  the 
joints;  and  it  was  pleaded  on  the  part  of  the  prisoner  that  death  fa^d  been 
natural,  and  had  resulted  from  fracture  of  the  processus  dentatus  causing 
sudden  pressure  upon  the  spinal  cord,  whence  the  spasmodic  rigidity  would 
naturally  result.  Proof  was  deficient,  however,  as  to  the  existence  of  this 
lesion  before  death;  and  the  position  of  the  body  rather  resembled  that  into 
which  it  might  have  been  forced  during  the  rigidity,  than  that  in  which  it 
would  probably  have  been  at  the  moment  of  death.  There  were  also  marks 
of  violence,  and  many  other  suspicious  circumstances;  but  the  prisoner 
was  acquitted,  chiefly  from  want  of  evidence  against  him.  What  seemed 
to  indicate  that  the  rigidity  was  of  the  ordinary  cadaveric  nature,  was  that 
there  was  no  evidence  of  the  body  having  become  flexible  and  again  stiff- 
ened, as  it  would  probably  have  done  had  the  rigidity  been  of  the  spas- 
modic character. 

Energy  and  Rapidity  of  Mutcular  CantraeHon. 

• 

3M.  There  can  be  no  question  that,  in  the  living  body,  the  energy  of 
Muscular  contraction  is  determined,  other  things  being  equal,  by  the  sup- 
ply of  arterial  blood  which  the  muscle  receives.  It  is  well  known  that, 
when  a  ligature  is  applied  to  a  large  arterial  trunk  in  the  Human  subject, 
there  is  not  only  a  deficiency  of  sensibility  in  the  surface,  but  also  a  partial 
or  complete  suspension  of  muscular  power,  until  the  collateral  circulation 
Is  established.  It  is  evident,  however,  that  a  portion  of  this  efiect  is  to  be 
ascribed  to  the  interruption  in  the  functions  of  the  nervous  trunks,  which 
is  due  to  the  same  cause;  since  muscles  taken  from  the  human  body,  after 
the  circulation  has  entirely  ceased,  retain  their  irritability  for  some  time. 
The  necessity  for  this  supply  is  less  constant  in  cold-blooded  than  in  warm- 
blooded animals:  thus  Frogs  are  still  capable  of  voluntary  movement,  after 
the  heart  has  been  cut  out;  they  can  move  limbs  which  are  connected  with 
die  trunk  by  the  nerves  alone:  and  that  this  power  is  not  altogether  due  to 
the  blood  which  may  remain  in  the  capillary  vessels,  is  shown  by  the  ex- 
periment of  MUller,  who  found  the  muscles  still  contractile,  after  he  had 
expelled  all  the  blood,  by  forcing  a  current  of  water  into  an  artery,  until  it 
escaped  from  the  divided  veins.  It  seems  probable  that  the  Muscles  of 
Organic  life  are  less  dependent  upon  a  supply  of  arterialized  blood,  than  are 
those  of  Animal  life;  for  the  heart  will  continue  to  contract,  when  the  blood 
in  its  vessels  is  entirely  venous,  and  when  the  circulation  in  it  has  come  to 
a  stand;  and  after  its  natural  movements  have  ceased  from  the  want  of  their 
ordinary  stimulus,  they  may  be  made  to  recommence  by  a  stimulus  of  a 
difierent  kind,  or  by  a  renewal  of  the  natural  one.  This  is  well  seen  in 
Asphyxia,  in  which  condition  (as  will  hereafter  be  explained,  Chap,  x,)  the 
cessation  of  the  action  of  the  left  ventricle  is  due  to  the  stagnation  of  the 
blcxKl  in  the  pulmonary  capillaries,  whereby  the  supply  which  is  necessary 
to  excite  it  to  action  is  after  a  time  entirely  checked;  but  if,  by  the  introduc- 
tion of  oxygen  into  the  lungs,  the  pulmonary  circulation  be  renewed,  the 
arterialized  blood  flowing  back  to  the  left  side  of  the  heart,  re-excites  its 
actions. 

393.  There  is  a  remarkable  difierence  in  the  irritability  of  the  two  sides 
of  the  heart,  to  which  Dr.  M.  Hall  has  directed  attention.  In  the  warm- 
Uooded  Vertebrata,  the  right  side  of  the  heart  will  act  on  the  stimulus  of 
venous  blood;  whilst  the  left  side  requires  the  stimulus  of  arterial.  In 
I^hes,  on  the  other  hand,  whose  heart  corresponds  to  the  right  side  only 
of  that  of  Man,  the  whole  is  put  in  action  by  venous  blood.     In  Reptiles, 
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one  auricle  is  sufficiently  stimulated  by  venous  blood,  whilst  the  other 
requires  arterial;  and  the  ventricle  is  excited  to  action  by  a  mixed  fluid.  In 
all  these  cases,  there  must  be  a  marked  difference  in  the  properties  of  the 
several  parts;  some  being  sufficiently  affected  by  a  stimulus,  which  is 
totally  inoperative  on  others.  This  is  still  more  remarkably  exemplified 
by  the  fact,  that  the  muscular  fibre  of  Frogs  would  be  thrown  into  a  state 
of  permanent  and  rigid  contraction  (through  the  powerful  operation  of  its 
property  of  Tonicity)  by  the  stimulus  of  a  fluid  no  hotter  than  the  blood 
which  ordinarily  bathes  ihe  muscles  of  Birds.  Now  in  those  warm-blooded 
animals  which  pass  the  winter  in  a  state  of  torpidity,  the  respiration  is  very 
slow  and  imperfect,  and  the  blood  is  very  imperfectly  arterialized.  There 
must,  therefore,  be  a  change  in  the  properties  of  the  left  ventricle,  by  which 
it  becomes  capable  of  action  on  a  more  feeble  stimulus,  thus  resembling  the 
ventricle  of  Reptiles.  This  change  Dr.  M.  Hall  designates  as  an  increase 
of  Irritability;  considering  that,  if  muscular  action  be  excited  by  a  more 
feeble  stimulus,  the  property  to  which  that  action  is  due  must  be  itself 
more  exalted.  Physiologists  have  been  so  long  accustomed,  however,  to 
consider  the  irritability  of  the  muscles  in  warm-blooded  animals  as  greater 
than  that  of  cold-blooded,  on  account  of  the  greater  energy  and  rapidity  of 
their  contractions  when  excited,  that  it  seems  undesirable  to  modify  the 
term  in  the  manner  proposed  by  Dr.  Hall.  No  one  will  assert  that  the 
vitality  of  the  Muscle  is  exalted^  when  it  is  reduced  to  the  condition  of  that 
of  the  Reptile;  and,  as  irritability  is  strictly  a  vital  property,  it  cannot  be 
correctly  spoken  of  in  that  manner.  The  general  principle,  however,  laid 
down  by  Dr.  M.  Hall, — that  the  facility  with  which  the  muscular  system 
may  be  excited  to  contraction,  or  in  other  words  the  feebleness  of  the 
stimulus  required  for  the  purpose,  is  inversely  as  the  respiration  of  the 
animal,-^s,  no  doubt,  generally  correct. 

394.  A  curious  question  has  been  lately  raised,  the  decision  on  which  is 
of  some  importance  in  our  determination  of  the  nature  of  the  force  by  which 
the  contraction  of  muscles  is  occasioned.  This  is, — whether  the  power  of 
a  muscle  is  greater  or  less  at  different  degrees  of  contraction,  the  same 
stimulus  being  applied.  This  seems  to  have  been  determined  by  the  inge- 
niously-devised experiments  of  Schwann.*  He  contrived  an^apparatus  whidi 
should  accurately  measure  the  length  of  the  muscle,  and,  at  the  same  time, 
the  weight  which  it  would  balance  by  its  contraction.  Having  caused  the 
muscle  to  shorten  to  its  extreme  point,  by  the  stimulus  of  galvanism  applied 
to  the  nerve,  so  that  no  further  stimulation  could  lift  a  weight  placed  in  the 
opposite  scale,  he  allowed  the  muscle  to  relax  until  it  was  extended  to  » 
certain  point,  and  then  ascertained  the  weight  which  would  balance  its 
power.  The  same  was  several  times  repeated,  as  in  the  following  manner. 
The  length  of  the  muscle  in  its  extreme  state  of  contraction,  at  which  no 
additional  force  could  be  exerted  by  it,  being  represented  by  14,  it  wis 
found  that,  when  it  had  extended  to  17,  it  would  balance  a  weight  of  60; 
when  its  length  increased  to  19*6,  it  would  balance  a  weight  of  120;  and  at 
22*5,  it  would  balance  180.  In  another  experiment,  the  muscle  at  13*5, 
balanced  0;  at  18*8,  it  balanced  100;  and  at  23*4,  it  balanced  200.  Hence 
it  appears  that  an  uniform  increase  of  force  is  attended  with  a  nearly  uni* 
form  increase  in  the  length  of  the  muscle;  or,  in  other  words,  that  when  the 
muscle  is  nearly  at  its  full  length,  its  contractile  power  is  the  greatest  In 
later  experiments  upon  the  same  muscle,  this  uniform  ratio  seemed  to  be 
departed  from;  but,  by  comparing  tlie  results  in  a  considerable  number  of 

•  Moller's  Physiology,  p.  903. 
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mstances,  it  was  constantly  found  that,  in  those  experiments  which  were 
performed  the  soonest  after  the  preparation  of  the  frog,  and  in  which, 
therefore,  the  normal  conditions  of  the  system  were  the  least  disturbed,  the 
ratio  was  very  closely  maintained.  It  has  been  hence  inferred  by  Miiller, 
that  the  power  which  causes  the  contraction  of  a  Muscle  must  be  very  dif- 
ferent in  its  character  from  any  of  the  forces  of  attraction  known  to  us;  since 
these  all  increase  in  energy  as  the  attracted  parts  approach  each  other,  in 
the  inverse  rado  of  the  square  of  the  distance;  so  that  the  power  of  a  Muscle, 
if  operated  on  by  any  of  these,  ought  to  increase,  instead  of  regularly  dimin- 
ishing, with  its  degree  of  contraction.  But  it  is  to  be  remembered  that. 
If  the  observations  of  Mr.  Bowman  have  clearly  shown,  there  must  be  a 
eonsiderable  displacement  of  the  constituents  of  every  fibre  during  contrac- 
tion ($371);  so  that  it  is  easy  to  understand  that,  the  greater  the  contraction, 
die  more  difficult  must  any  further  contraction  become.  If,  between  a  mag- 
net and  a  piece  of  iron  attracted  by  it,  there  were  interposed  a  spongy  elastic 
tissne,  the  iron  would  cease  to  approach  the  magnet  at  a  point,  at  which  the 
attraction  of  the  magnet  would  be  balanced  by  the  force  needed  to  compress 
still  farther  the  intermediate  substance. 

Applicatums  cf  Muscular  Power. 

390.  The  energy  of  Muscular  contraction  is  of  course  to  be  most  remark- 
ably observed  in  those  instances,  in  which  the  continual  exercise  of  par- 
tiealar  parts  has  occasioned  an  increased  determination  of  blood  towards 
Uiem,  nid  in  consequence  a  permanent  augmentation  in  their  bulk.  This 
baa  been  the  case,  for  example,  with  persons  who  have  gained  their  liveli- 
hood by  exhibiting  feats  of  strength.  Much  will,  of  course,  depend  on  the 
mechanically-advantageous  application  of  muscular  power;  and  in  this 
maimer  effects  may  be  produced,  even  by  persons  of  ordinary  strength, 
whieh  would  not  have  been  thought  credible.  In  lifting  a  heavy  weight  in 
aadi  hand,  for  example,  a  person  who  keeps  his  back  perfectly  rigid,  so  as 
to  throw  the  pressure  vertically  upon  the  pelvis,  and  only  uses  the  powerful 
extensors  of  the  thigh  and  calf,  by  straightening  the  knees  (previously 
somewhat  flexed),  and  bringing  the  leg  to  a  right  angle  with  the  foot,  will 
bave  a  great  advantage  over  one  who  uses  his  lumbar  muscles  for  the 
porpose.  A  still  greater  advantage  will  be  gained,  by  throwing  the  weight 
BMire  directly  upon  the  loins,  by  means  of  a  sort  of  girdle  shaped  so  as  to 
rest  upon  the  top  of  the  sacrum  and  the  ridges  of  the  ilia;  and  by  pressing 
with  the  hands  upon  a  frame,  so  arranged  as  to  bring  the  muscles  of  the 
arms  to  the  assistance  of  those  of  the  legs:  in  this  manner  a  single  man  of 
ordinary  strength  may  raise  a  weight  of  2000  lbs.,  whilst  few  who  are  un- 
aecustomed  to  such  exertions  can  lift  more  than  300  lbs.  in  the  ordinary 
mode.  A  man  of  great  natural  strength,  however,  has  been  known  to  lift 
MO  lbs.  with  his  hands;  and  the  same  individual  performed  several  other 
earioas  feats  of  strength,  which  seem  deserving  of  being  here  noticed. 
**  1.  By  the  strength  of  his  fingers  he  rolled  up  a  very  large  and  strong 
pewter  dish.  2.  He  broke  several  short  and  strong  pieces  of  tobacco-pipe 
with  the  force  of  his  middle  finger,  having  laid  them  on  the  first  and  third 
finger.  8.  Having  thrust  in  under  his  garter  the  bowl  of  a  strong  tobacco- 
pipe,  his  legs  being  bent,  he  broke  it  to  pieces  by  the  tendons  of  his  hams, 
withont  altering  the  bending  of  the  knee.  4.  He  broke  such  another  bowl 
between  his  first  and  second  fingers,  by  pressing  them  together  sideways. 
5.  He  lifted  a  table  six  feet  long,  which  had  half  a  hundred-weight  hanging 
at  the  end  of  it,  with  his  teeth,  and  held  it  in  that  position  for  a  consider- 
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able  time.  It  is  true,  the  feet  of  the  table  rested  aj^ainst  his  knees;  but,  as 
the  length  of  the  table  was  much  greater  than  its  height,  that  performance 
required  a  great  strength  to  be  exerted  by  the  muscles  of  his  loins,  neck, 
and  jaws.  6.  He  took  an  iron  kitchen-poker,  about  a  yard  long,  and 
three  inches  in  circumference,  and,  holding  it  in  his  right  hand,  he  struck 
it  on  his  bare  left  arm  between  the  elbow  and  the  wrist,  till  he  bent  the 
poker  nearly  to  a  right  angle.  ,  7.  He  took  such  another  poker,  and,  hold- 
ing the  ends  of  it  in  his  hands,  and  the  middle  of  it  against  the  back  of  his 
neck,  he  brought  both  ends  of  it  together  before  him;  and,  what  was  yet 
more  difficult,  he  pulled  it  straight  again.*"  Haller  mentions  an  instance  of 
a  man  who  could  raise  a  weight  of  300  lbs.,  by  the  action  of  the  elevator 
muscles  of  his  jaw;  and  that  of  a  slender  girl,  affected  with  tetanic  spasm, 
in  whom  the  extensor  muscles  of  the  back,  in  the  state  of  tonic  contraction 
or  opisthotonos,  resisted  a  weight  of  800  lbs.  laid  on  the  abdomen  with  the 
absurd  intention  of  straightening  the  body.  It  is  to  be  recollected  that  the 
mechanical  application  of  the  power  developed  by  muscular  contraction  to 
the  movement  of  the  body,  is  very  commonly  disadvantageous  as  regards 
force,  being  designed  to  cause  the  part  moved  to  pass  over  a  much  greater 
space  than  that  through  which  the  muscle  contracts.  Thus  the  temporal 
muscle  is  attached  to  the  lower  jaw  at  about  one-third  of  the  distance 
between  the  condyle  and  the  incisors;  so  that  a  shortening  of  the  muscle  to 
the  amount  of  half  an  inch  will  draw  up  the  front  of  the  jaw  throngh  an 
inch  and  a  half;  but  a  power  of  900  lbs.  applied  by  the  muscle  would  be 
required  to  raise  300  lbs.  bearing  on  the  incisors.  In  the  case  of  the  fore- 
arm and  leg,  the  disproportion  is  much  greater;  the  points  of  attachment  of 
the  muscles  by  which  the  knee  and  elbow-joints  are  flexed  and  extended, 
being  much  closer  to  the  fulcrum,  in  comparison  with  the  distance  of  the 
points  on  which  the  resistance  bears. 

396.  The  energy  of  muscular  contraction  appears  to  be  greater  in  Insects, 
in  proportion  to  their  size,  than  it  is  in  any  other  animals.  Thus  a  Flea 
has  been  known  to  leap  60  times  its  own  length,  and  to  move  as  many  times 
its  own  weight.  The  short-limbed  Beetles,  however,  which  inhabit  the 
ground,  manifest  the  greatest  degree  of  muscular  power.  The  LucanuM 
cervua  (Stag  Beetle)  has  been  known  to  gnaw  a  hole  of  an  inch  diameter 
in  the  side  of  an  iron  canister  in  which  it  had  been  confined.  The  Geo- 
trupes  atercorarius  (Dung  or  shard-borne  Beetle)  can  support  tininjared, 
and  even  elevate,  a  weight  equal  to  at  least  500  times  that  of  its  own  body. 
And  a  small  Carahua  has  been  seen  to  draw  a  weight  of  85  grains  (about 
24  times  that  of  its  body)  up  a  plane  of  25^;  and  a  weight  of  125  grains 
(36  times  that  of  its  body)  up  a  plane  of  5^;  and  in  both  these  instanoos 
the  friction  was  considerable,  the  weights  being  simply  laid  upon  a  piece 
of  paper,  to  which  the  insect  was  attached  by  a  string. 

397.  The  rapidity  of  the  changes  of  position  of  the  component  particles 
of  muscular  fibres,  may,  as  Dr.  Alison  justly  remarks,!  be  estimated,  though 
it  can  hardly  be  conceived,  from  various  well-known  facts.  The  pulsation 
of  the  heart  can  sometimes  be  distinctly  numbered  in  children  at  more  than 
200  in  the  minute;  and  as  each  contraction  of  the  ventricles  occupies  only 
one-third  of  the  time  of  the  whole  pulsation,  it  must  be  accomplished  in 
y^th  of  a  minute,  or  ^^th  of  a  second.  Again,  it  is  certain  that,  by  the 
movements  of  the  tongue  and  other  organs  of  speech,  1500  letters  can  be 
distinctly  pronounced  by  some  persons  in  a  minute;  each  of  these  must 

♦  Desaguliers*  Philosophy,  vol.  it. 
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require  a  separate  contraction  of  muscular  fibres;  and  the  production  and 
cessation  of  each  of  the  sounds  implies  that  each  separate  contraction  must 
be  followed  by  a  relaxation  of  equal  length;  each  contraction,  therefore,  must 
have  been  effected  in  37^^?^^  P^^^  ^^  ^  minute,  or  in  the  ^^^^^  o^  ^  second. 
Haller  calculated  that,  in  the  limbs  of  a  dog  at  full  speed,  muscular  contrac- 
tions must  take  place  in  less  than  the  ^fi^th  of  a  second,  for  many  minutes 
at  least  in  succession.     All  these  instances,  however,  are  thrown  into  the 
shade  by  those  which  may  be  drawn  from  the  class  of  Insects.     The  rapi- 
dity of  the  vibrations  of  the  wings  may  be  estimated  from  the  musical  tone 
which  they  produce;  it  being  easily  ascertained  by  experiments  what  num- 
ber of  vibrations  are  required  to  produce  any  note  in  the  scale.     From  these 
data,  it  appears  to  be  the  necessary  result,  that  the  wings  of  many  Insects 
strike  the  air  many  hundred  or  even  many  thousand  times  in  every  second. 
The  minate  precision  with  which  the  degree  of  muscular  contraction  can  be 
adapted  to  the  designed  effect,  is  in  no  instance  more  remarkable  than  in  the 
Glottis.    The  musical  pitch  of  the  tones  produced  by  it  is  regulated  by  the 
degree  of  tension  of  the  chordx  vocales,  which  are  possesed  of  a  very  con- 
siderable degree  of  elasticity.     According  to  the  observations  of  Muller,* 
the  average  length  of  these,  in  the  male,  in  a  state  of  repose,  is  about  ^j^ths 
of  an  inch;  whilst,  in  the  state  of  greatest  tension  it  is  about  ^VV^^^*  ^"^  ^^^' 
ference  being  therefore  -^ths  or  one-fifth  of  an  inch:  in  the  female  glottis, 
the  average  dimensions  are  about  ^Vv^^^*  ^"^  tt^^^^  respectively;  the  differ- 
eace  being  thus  about  one-eighth  of  an  inch.     Now  the  natural  compass  of 
the  voice,  in  most  persons  who  have  cultivated  the  vocal  organ,  may  be 
stated  at  about  two  octaves,  or  24  semitones.     Within  each  semitone,  a 
linger  of  ordinary  capability  could  produce  at  least  ten  distinct  intervals;  so 
that  of  the  total  number,  240  is  a  very  moderate  estimate.     There  must, 
therefore,  be  at  least  240  different  states  of  tension  of  the  vocal  cords,  every 
one  of  which  is  producible  by  the  will,  without  any  previous  trial;  and  the 
wkoie  variation  in  the  length  of  the  cords  being  not  more  than  one-fifth  of 
tn  inch,  even  in  man,  the  variation  required  to  pass  from  one  interval  to 
another  will  not  be  more  than  one-twelve  hundredth  of  an  inch.     And  yet 
this  estimate  is  much  below  that  which  might  be  truly  made  from  the  per- 
fonnances  of  a  practised  vocalist.t 

398.  Of  the  various  associations  of  muscular  actions,  which  are  employ- 
ed for  various  purposes  in  the  living  body,  it  would  be  out  of  place  here  to 
speak;  since  these  associations  depend  upon  the  nervous  rather  than  upon 
the  muscular  system,  and  have  already  been  considered  in  detail.  It  may 
^  mentioned,  however,  that  the  aptitude  which  is  acquired  by  practice  for 
the  performance  of  particular  actions  that  were  at  first  accomplished  with 
Acuity,  seems  to  result  as  much  from  a  change  which  the  continual  repe- 
tition of  them  occasions  in  the  muscle,  as  in  the  habit  which  the  nervous 
lyslem  acquires  of  exciting  their  performance.  Thus  almost  every  person 
kanungto  play  on  a  musical  instrument  finds  a  difficulty  in  causing  the 
two  shorter  fingers  to  move  independently  of  each  other  and  of  the  rest; 
this  is  particularly  the  case  in  regard  to  the  ring  finger  (as  it  is  commonly 
tenned);  and  any  one  may  satisfy  himself  of  the  difficulty,  by  laying  the 
Fshn  of  the  hand  fiat  on  a  table,  and  raising  one  finger  after  the  other,  when 

•  Physiology,  p.  1018. 
^  Ii  is  said  that  the  celebrated  Mad.  Mara  was  able  to  sound  100  difierent  intervals 
"ttween  each  tone.  The  compass  of  her  voice  was  at  least  three  octaves,  or  22  tones; 
*>ihai  the  total  number  of  intervals  was  2200,  all  comprised  within  an  extreme  varia- 
^00  of  one-eighth  of  an  inch;  so  that  it  might  be  said  that  she  was  able  to  determine 
^contractions  of  her  vocal  muscles  to  the  seventeen-thousandth  of  an  inch. 
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il  will  be  fomii]  tliat  the  ring-finger  cannot  ba  liftwl  wjlhoul  dislurbing  ihrf' 
rest, — cvidenlly  from  the  diffinuliy  of  detaching  ihe  action  of  that  portion 
of  the  extensor  eominunis  digitorum  by  which  the  moTement  is  produced, 
from  that  of  Ihe  remainder  of  the  musde.  Yet  to  the  pnictiNd  musician, 
the  command  of  Ihe  will  over  nil  the  finger*  becomes  nearly  alike;  and  it  can 
scarcely  be  doubled  that  some  change  takes  place  in  ihe  structure  of  ihe 
muscle,  which  favours  the  isolated  operation  of  its  several  divisions. 

Sensibility  of  Jifusclet, 

399.  Muscles  are  much  legs  sensible  to  external  impretsioni  than  many 
other  parts  of  ihe  body;  lliis  is  seen  in  amputations,  in  which  the  severest 
pain  caused  by  llie  section  is  that  of  the  incision  through  the  skin.     Il  is 
well  known  that  ii  needle  passed  through  the  skin  may  be  carried  into  the 
substance  of  a  muscle  with  scarcely  any  further  pain;  and  iho  heart  laid 
bare  has  been  observed  10  possess  but  a  very  slight  degree  of  sentibiUiy. 
This  is  easily  accounted  for  by  our  knowledge  of  the  distribution  of  tl 
nerves;  for  although  every  principal  irank  may  contain  motor  and  sensM 
nerves  in  equal  proportion,  we  know  that  in  iB  various  subdivis 
may  be  very  unequally  disiribuled.     Thus,  in  ihe  third   divisi 
Fifth  pair,  it  has  been  ascertained  ihai  ihe  fibres  from  the  molorrt 
pass  into  the  muscular  branches,  whilst  those  of  the  sensory  root  prodi 
nate  in  those  supplying  the  surface;  and  in  ihe  Par  Vagnm  a  difference  i 
the  endowmcnis  of  the  several  branches  has  been  equally  snbsianliaia 
Again,  in  the  Orbit,  we  6nd  some  muscles  supplied  by  nerves  which  1 
exclusively  motor,  and  scarcely  receiving  any  sensory  branches  from  I 
Fifth  pair.     Knowing  as  we  do,  that  the  general  surface  of  ihe  body  n 
not  derive  any  advantage  from  receiving  the  motor  division  of  the  SpiM 
nerves,  and  must  on  the  contrary  be  largely  supplied  from  the  sensory,  1 
cannot  be  doubted  ih at,  with  regard  to  the  subjacent  muscles,  the  case  | 
entirely  the  reverse.     Muscles  are  endowed,  however,  with  the  power  4 
originating  sensations  indicative  of  ihcir  own  condiiion;  and  these  sensaiiM 
differ  so  far  from  ihose  conveyed  by  the  usual  sensory  orgniis,  that 
been   proposed  lo  designate  the  channel  ihroogh  which  Ihey  are  t»eei« 
hy  a  peculiar  name,  ihe  Muicular  Sense.     It  may  be  queslioned,  howeva 
wheiner  this  is  desirable.     The  properly  by  which  we  esiimate  ihe  fora 
with  whirh  muscles  are  contracting, — which  enables  as  to  compare  diffen 
degrees  of  weight  and  resistance,  and  lo  acquire  a  knowledge  of  the  dit 
tances  and  relative  positions  of  bodies  brought  in  contact  wiih  the  snrfacr,-> 
appears  lo  be  the  same  with  thai  by  which  we  become  conscious  of  fniigi 
from  continued  muscular  action,  and  experience  pain  when  the  mnscla 
are  spasmodically  contracted,  as  in  ordinary  cramp.     Of  the  imporisnco^ 
this  aenso  in  guiding  and  regulating  muscular  contraction,  n 
already  been  given  fj  3.17).     It  is,  in  addition,  one  of  ihe  principal  mea_ 
,  by_which  we  acquire  our  nouons  of  tliu  exKnul  world.     All  our  ideas  J 
/orce  and  of  mislanee  are  derived  from  il.     W)ien  we  put  our  muscles  i 
action  to  raise  a  weighlj  or  lo  push  from  ua  uuibslBcle,  we  should  have  o* 
idea,  wiilioul  this  sense,  of  ihe  effort  required;  uid  it  is  obvious,  on  a  lillle 
cuntidenttion,  thai  uo  siaienienla  of  any  natural  farces  (such  as  thai  of 
Gravilalion,  Mngneiic  AtUaction,  &.e.\  could  convey  a  disHai,  idea  lo  our 
minds,  were  il  not  for  our  means  of  estimnting  thorn  by  die  same  mcan«. 
It  is  by  the  sensibility  of  the  muscles  ilial  we  become  coniriiiii«  of  ih-- 
exislcnee  and  direction  of  molion,  lo  which  the  whole  body  is  hcittn  p.u^ 
sivrly  subjreli'd.     When  silling  upright  in  a  carria([«.  which  is  ■odd"nty 
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drawn  forwards,  we  are  thrown  in  the  contrary  direction;  and  it  is  only  by 
a  certain  muscular  effort  that  we  can  reg^ain  our  position.  After  some  little 
time,  however,  we  become  so  habituated  to  the  sensation  which  this  occa- 
sions, that  we  are  unconscious  of  it,  except  by  a  certain  degree  of  fatigue 
which  results,  if  it  be  greatly  prolonged.  But  when  the  motion  suddenly 
ceases,  we  are  thrown  forwards,  showing  that  the  effort  itself  had  continued; 
and  not  unfrequently  the  feeling  of  motion  is  then  experienced  for  a  few 
seconds,  as  if  the  sensation  remained,  and  were  more  perceptible  when  the 
cause  of  it  had  ceased. 

Other  Contractile  Tissues. 

400.  Although  the  Muscular  tissue  is  the  only  one,  besides  the  Nervous, 
that  can  be  said  to  be  the  instrument  of  the  Animal  functions,— -since  upon 
it  alone  the  mind  can  operate, — it  is  by  no  means  the  only  tissue  in  the 
Human  body  which  is  able  to  exhibit  the  property  of  Contractility  on  the 
application  of  a  stimulus.     The  Skin,  for  example,  may  be  made  to  con- 
tract by  the  agency  of  cold;  as  appears  from  the  production  of  the  cutis 
anserinai"-^  phenomenon  of  a  strictly  vital  character,  which  cannot  be  ex- 
plained by  any  physical  causes.     In  this,  the  subcutaneous  Cellular  Tissue 
appears  to  participate.     The  Dartos  has  a  similar  contractile  power  in  a 
higher  degree;  this  tissue  is  a  peculiar  modification  of  the  ordinary  subcuta- 
neous cellalar  substance;  and  its  fibres  resemble  those  of  which  that  tissue 
18  composed,  being  uniform  cylinders  varying  from  about  jinnyth  to  -nV^th 
of  a  line  in  diameter,  and  consequently  much  smaller  than  muscular  fibres; 
and  they  further  correspond  with  those  of  cellular  tissue  in  their  elasticity 
and  serpentine  disposition.    It  is  so  closely  united  to  the  skin,  that  the  latter 
most  follow  all  its  movements;  and  to  this  cause  is  due  the  wrinkling  of  the 
terotam  under  the  influence  of  cold.     It  would  appear  that  the  contractility 
of  the  dartos  may  be  excited  through  the  nervous  system;  since  the  same 
came  which  produces  the  contraction  of  a  true  muscle — the  cremaster,  oc- 
casions the  wrinkling  of  the  scrotum,  when  no  direct  stimulus  is  operating 
<m  tibe  latter.   The  fibrous  tissue  which  forms  the  middle  coat  of  the  arteries 
is  probably  more  allied  to  muscle  in  its  structure  and  properties,  than  either 
of  those  just  adverted  to;  its  nature  and  uses  will  be  treated  of  in  detail 
Itenafier  (chap.  ix). 


CHAPTER  VI. 

Of  the  Voice  and  Speech. 


.  ^1.  The  sounds  produced  by  the  organ  of  Voice  constitute  the  most 
iBtportant  means  of  communication  between  Man  and  his  fellows;  and  the 
F^sr  of  speech  has,  therefore,  a  primary  influence,  as  well  on  his  physical 
f*Bdition,  as  on  the  development  of  his  mental  faculties.  Hence,  although 
"Only  depends  on  one  particular  application  of  muscular  force,  comparable 
^  that  by  which  other  volitional  or  emotional  movements  are  effected,  it 
*B(in8  right,  in  treating  of  the  Physiology  of  Man,  to  make  it  an  object  of 

Eial  consideration.     In  order  to  understand  the  nature  of  the  Organ  of 
-Je  asa  generator  of  Sound,  it  is  requisite  to  inquire,  in  the  first  instance, 
37 
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into  the  sources  from  which  soanda  «t  ill  correspomiiiig  to  the  human  voice 
are  elsewhere  obtained.  It  is  necessary  to  bear  in  mind  that  Vocal  Sounds, 
and  Speech  or  Articulate  Language,  are  two  things  entirely  difTerenl;  and 
that  the  former  may  be  produced  in  gieet  perfection,  where  there  is  no 
capability  for  the  latter.  Hence  we  should  at  once  infer,  that  llie  instrument 
for  the  production  of  Vocal  Sounds  was  distinct  from  that  by  which  these 
sounds  are  modified  into  arUcnlate  speech;  and  this  we  easily  discover  to  be 
the  case, — the  Voice  bein^  nnqueationably  produced  in  the  Larynx,  whilst 
the  modificaUons  of  it  by  which  language  is  formed,  are  eflected  for  the 
most  part  in  the  oral  cavity.  The  structure  and  functions  of  the  former, 
then,  first  claim  our  attention. 

402.  It  will  be  remembered  that  the  windpipe  is  surmounted  by  a  stout 
bony  annuluB,  termed  the  Cricoid  cartilage,  which  serves  as  a  foDOwtton  for 
the  BuperjaceDt  mechanism.  This  is  embraced  (as  it  were)  by  the  Thyroid, 
which  is  articulated  to  its  aides  by  its  lower  horns,  round  the  extremities 
of  which  it  may  be  regarded  as  turning,  as  on  a  pivot.  In  thia  manner  the 
lower  front  border  of  Uie  thyroid  cartilage,  which  is  ordinarily  aeparated  by 
small  intervals  from  the  upper  margin  of  the  thyroid,  may  be  made  to  ap- 
proach it  or  recede  from  it;  as  any  one  may  easily  ascertain,  by  placing  his 
finger  against  the  little  depression  which  may  be  readily  felt  externally,  and 
observing  its  changes  of  size,  whilst  a  range  of  different  tones  is  sounded;  it 
will  thea  be  observed  that,  the  higher  the  note,  the  more  the  two  cartilages 
are  made  to  approximate, — wfailat  they  separate  in  proportion  to  the  d^lh 
of  the  looes.*  Upoa  the  upper  surface  of  tbe  back  of  the  cricoid  an  aeaied 

Fig.  36. 


•  Id  making  tht^  observation,  it  is  necessary  lo  put  onl  of  view  the  general  mov*' 
ent  of  tbe  larynx  itself,  which  tbe  AD|nr  most  be  made  to  follow  np  and  down. 
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tba  two  small  Arytenoid  cartilages;  these  sre  fixed  in  one  direction  by  a 
bundle  of  strong  ligaments,  which  tie  ihem  to  the  back  of  the  cricoid;  but 
Hmj  ha*e  some  power  of  moving  in  others  upon  a  kind  of  ariiculating  sur- 
Itoa.  The  direction  of  the  surface,  and  the  mode  in  which  these  cartilages 
■re  otherwise  attached,  cause  their  movement  to  be  a  sort  of  rotation  in  a 
plane  which  is  nearly  horizontal,  but  partly  downwards,  so  that  their  verti- 
cal planes  may  be  made  to  separate  from  each  other,  and  at  the  same  time 
to  asBome  a  slanting  position.    This 


Fig.  37. 


change  of  place  will  be  better  under- 
stood, when  the  action  of  the  muscles 
ildescribed.  To  the  summit  of  the 
arytenoid  cartilages  are  attached  the 
thordx  vocaUt  or  vocal  ligaments, 
which  stretch  across  to  the  front  of 
the  tbyrtnd  cartilage;  and  it  is  upon 
the  condition  and  relative  situation 
of  these  ligaments,  that  their  action 
depends.  It  is  evident  that  they  : 
may  be  rendered  more  or  less  tense, 
by  the  movement  of  the  thyroid  car- 
ti^ge  jmrt  described;  being  tight- 
ened by  the  depression  of  its  front 
upon  Ibe  cricoid  cartilage,  and  slack- 
«ed  by  in  elevation.  On  the  other 
Ciand,  Ihey  may  be  brought  into 
jootta  or  less  close  apposition  by  the 
xnovement  of  the  arytenoid  carti- 
lages; being  made  to  approximate 
cioidy,  or  to  recede  in  such  a  man- 
ner as  to  cause  the  rima  glotlidta  to 
asnme  die  form  of  a  narrow  V,  by 
Ac  revolution  of  these  cartilages. 
"We  ifaall  now  inquire  into  the  actions 
of  Ae  mnscles  upon  the  several  parts 
ot  diis  apparatus;  and  first  into  those 
of  die  larynx  alone. 

403.  The  depression  of  the  front  of  the  Thyroid  cartilage,  and  the  conse- 
Vim  tension  of  the  vocal  ligaments,  is  occasioned  by  the  conjoint  action  of 
4e  Crico-ihyroideut  on  cither  side;  and  the  chief  anlagonisl  to  this  is  the 
T^n-arytenoideui,  which  draws  the  front  of  the  Thyroid  back  towards 
Ikt  Arytenoid  cartilages,  and  thus  relaxes  the  vocal  ligaments.  These  two 
Smcies  may  be  regarded  as  the  principal  governors  of  the  pitch  of  the 
"  ■  !,  which,  as  we  shall  hereafter  see,  is  almost  entirely  regulated  by  the 
on  of  the  ligaments;  their  action  is  assisted,  however,  by  that  of  other 
Wicles  presently  to  be  mentioned.  The  arytenoid  cartilages  are  made  to 
"^^erge  from  each  other  by  means  of  the  Crico-oTytenoideut  poiticut  of 
Eh  ride,  which  proceeds  from  their  outer  corner,  and  turns  somewhat  round 
!^  edge  of  the  Cricoid,  to  be  attached  to  the  lower  part  of  its  back;  its  action 
■  to  draw  the  outer  comer  backwards  and  downwards,  so  that  the  points  to 
*beh  the  vocal  ligaments  are  attached  are  separated  from  one  another,  and 
'^  rima  glotlidis  is  thrown  open.  This  will  be  at  once  seen  from  the  sub- 
)iriited  diagram,  in  which  the  direction  of  action  of  the  several  muscles  is 
'•KJ  down.  The  action  of  this  muscle  is  partly  antagonized  by  that  of  the 
^^nm-mytmeideu*,  which  runs  forwards  and  downw&rds  from  the  outer 
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corner  of  the  arytenoid  cartilage;  and  in  action,  with  that  of  its  fellow,  will 
be  to  bring  the  anterior  points  of  the  arytenoid  carlilages  into  the  same 
straight  line,  at  the  same  time  depressing  them,  and  thus  to  close  the  glottis. 
This  muscle  is  assisted  by  the  ^rylmoidtus  Iransveraus,  which  coimecta 

Fig.  3a 


Firt  of  Flu.  37  cDlirgsd,  to  ihoir  Ilia  dlncilon  ef  Ili«  inuacDlu'  fsrcH,  which  *el  on  th*  tlrUBold 
cinllags,  ANT*,  ihe  right  uTienoIr]  canilnje;  T  y,  lu  voul  tig«m«DI;  B  K  ■<  bundla  of  llgunMiU 
UDllLng  It  in  cricoid;  •>  p,  prajeciion  oliu  titi  of  mnlcululon;  Ag,  direcllan  of  IhsBcliootTlhelhrm- 
ar/leaoldeui;  H  I,  diraciioD  of  crIciHiTteDoldiiia  lusnlia;  N  w,  dlreciioD  of  ci1ci»iTtenoid«iH  po*- 
tlcia;  H  1,  dIrKtIon  of  ■irieDoldeiu  tmi>Tenui.    Afur  Wlllla. 

the  posterior  faces  of  the  arytenoid  cartilages,  and  which,  by  its  contractton, 
will  draw  them  together.  By  the  conjoint  action,  therefore,  of  the  Crico- 
arytenoideuB  lateralis,  and  of  the  Arytenoideus  tranaversus,  the  whole  of  the 
adjacent  faces  of  the  arytenoid  carlilages  will  be  pressed  together;  and  the 
points  to  which  the  vocal  ligaments  are  attached  will  be  depressed.  But  if 
the  Arylenoidens  be  put  in  action  in  conjunction  with  the  Grico-arytenoidei 
poslici,  the  tendency  of  the  latter  to  separate  the  arytenoid  carlilages  being 
antagonized  by  the  former,  its  backward  action  only  will  be  exerted;  ana 
thus  it  may  be  caased  to  aid  the  Orico-thyroideus  in  rendering  tense  the 
vocal  ligaments.  This  action  will  be  further  assisted  by  the  Sterno-lhyroidaa, 
which  tends  lo  depress  the  Thyroid  cartilage,  by  pulling  from  a  fixed  point 
below;*  and  the  Thyro-hyoideua  will  be  the  antagonist  of  this,  when  it  acts 
from  a  fixed  point  above,  the  Os  Hyoides  being  secured  by  the  opposing 
contraction  of  several  other  muscles.  The  respective  actions  of  ^ese  mns- 
cles  will  be  best  comprehended  by  the  following  table. 

Govtm  the  pitch  of  the  notes. 


(  DepresS'the  front  ofihe  Thyroid  canilage  od  Ihe  ^ 

\     Cricoid,  and  slrelcA  [he  vocal  ligaments',  assiitcd..^P 

by  (he  Aryienoideusand  Crico-aryienoidei  postici.    " 

-    '    "         "■■    ""  "     e.aoddni^^ 

le  vocal  lig — -Z 


t»  i  CniCO-THTROIDEI  ) 

g   t  STEHNO-TBrnOlDEI       }  ' 

B   }  TnraO-ARTTEHOIDEI  ) 

ET I  Thyho-Hyoidei         i  • 

p 

•  This  is  nol  nsually  reckoned  as  one  of  the  principal  mascles  concerned  in  regu-  - 
laling  the  voice;  but  that  ii  i^so,  any  oat  may  convincf  himself  by  placing  his  fiage: 
just  above  the  slernam,  whilst  he  is  sounding  high  notes;  a  strong  feeling  of  moSB 
cDlar  tension  Is  then  at  once  percdved. 
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Govern  the  Aperture  of  the  Glottis. 

^    Crico-Arytenoidei  postici open  the  Glottis. 

S 

g  (  Crico-Arttenoidei  LATER4LE8  )  i  Prcss  together  the  inner  edges  of  the  Ary- 

S*  (  Arytenoideus  S"  "\  tenoid  cartilages,  and  ehse  the  Glottis. 

404.  The  mascles  which  stretch  or  relax  the  Vocal  ligaments  are  en- 
tirely concerned  in  the  production  of  Voice;  those  which  govern  the  aper- 
ture of  the  glottis  have  important  functions  in  connection  with  the  Respiratory 
actions  in  general,  and  stand  as  guards  (so  to  speak)  at  the  entrance  to  the 
lungs.     Their  separate  actions  are  easily  made  evident.     We  can  close  the 
aperture  of  the  glottis,  by  an  exertion  of  the  will,  either  during  inspiration 
or  expiration;  and  it  is  a  kind  of  spasmodic  movement  of  this  sort,  which  is 
concerned  in  the  acts  of  Coughing  and  Sneezing,  as  well  as  in  the  more 
prolonged  impediments  to  the  ingress  and  egress  of  air,  which  have  been 
already  noticeid  as  resulting  from  disordered  states  of  the  Nervous  system 
($  300).    A  slight  examination  of  the  recent  Larynx  is  sufficient  to  make  it 
evident  that,  when  once  the  borders  of  the  rima  glottidis  are  brought  together 
by  muscular  action,  the  effect  of  strong  aerial  pressure  on  either  side,— 
whether  produced  by  an  expulsory  blast  from  below,  or  by  a  strong  inspi- 
ratory effort  occasioning  a  partial  vacuum  below  and  a  consequently  increased 
pressure  above,-»-will  be  to  force  them  into  closer  apposition.     With  this 
action,  then,  the  muscles  which  regulate  the  tension  of  the  vocal  ligaments 
have  nothing  to  do.    In  the  ordinary  condition  of  rest,  it  seems  probable 
that  the  Arytenoid  cartilages  are  considerably  separated  from  each  other;  so 
as  to  cause  a  wide  opening  to  intervene  between  their  inner  faces,  and 
between  the  vocal  ligaments,  through  which  the  air  freely  passes:  and  the 
vocal  ligaments  are  at  the  same  time  in  a  state  of  complete  relaxation.     In 
order  to  produce  a  vocal  sound,  it  is  not  sufficient  to  put  the  ligaments  into 
a  state  of  tension;  they  must  also  be  brought  nearer  to  each  other.     That 
the  aperture  of  the  glottis  is  greatly  narrowed  during  the  production  of 
Bounds  is  easily  made  evident  to  oneself,  by  comparing  the  time  occupied 
by  an  ordinary  expiration,  with  that  required  for  the  passage  of  the  same 
({Qantity  of  air  during  the  sustenance  of  a  vocal  tone.     Further,  the  size  of 
^e  aperture  is  made  to  vary  in  accordance  with  the  note  which  is  being 
produced;  of  this,  too,  any  one  may  convince  himself,  by  noting  the  time 
(luring  which  he  can  hold  out  a  low  and  a  high  note;  from  which  it  will 
tppear  that  the  aperture  of  the  glottis  is  so  much  narrowed  in  producing  a 
liigh  note,  as  to  permit  a  much  less  rapid  passage  of  air  than  is  allowed  when 
slow  one  is  sounded.     This  adjustment  of  the  aperture  to  the  tension  of 
the  vocal  ligaments  is  a  necessary  condition  of  the  production  of  a  clear  and 
^efinite  tone.     It  further  appears  that,  in  the  narrowing  of  the  glottis  which 
is  requisite  to  bring  the  vocal  ligaments  into  the  necessary  approximation, 
the  upper  points  of  the  arytenoid  cartilages  are  caused  to  approximate,  not 
Only  by  being  made  to  rotate  horizontally  towards  each  other,  but  also  by 
^  degree  of  elevation;  so  that  the  inner  faces  of  the  vocal  ligaments  are 
'brought  into  parallelism  with  each  other,— a  condition  which  may  be  expe- 
^mentally  shown  to  be  necessary  for  their  being  thrown  into  sonorous 
^bration. 

405.  We  have  now  to  inquire  what  is  the  operation  of  the  Vocal  Liga- 
ments in  the  production  of  sounds;  and  in  order  to  comprehend  this,  it  is 
^^^eessary  to  advert  to  the  conditions  under  which  tones  are  produced  by 
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inslruments  of  various  ileacriplions  having  some  analogy  witb  the  larynx.  ' 
These  are  chiefly  or  three  kinda,-— «lringi,  flute-pi pei,  and  reeJs  or  ton^ios. 
The  vocal  li^ments  were  long  ago  compared  by  Perrein  lo  vibmiing  strings; 
and  Ql  first  siehl  there  might  seem  a  considerable  analogy,  the  sounds  pro- 
duced by  both  being  elevated  by  increased  tension.     This  resemblanca 
disappears,  however,  on  more  accurate  comparison;  for  il  may  he  easily  J 
ascertained  by  experiment,  that  no  string  so  short  as  the  vocal  ligamenu  1 
could  give  a  clear  tone  at  all  to  be  compared  in  depth  with  that  ot  the  lowest 
notes  of  the  human  voice;  and  also,  that  the  scale  of  changes  produced  by 
increased  tension  is  fundamenially  diflerent.     When  strings  of  the  a: 
length,  but  of  different  tension,  are  made  the  subject  of  companion,  i 
found  that  the  number  of  vibrations  is  in  proportion  to  the  square  roots  of  1 
ihe  extending  forces.     Thus,  if  a  siring  extended  by  a  given  weight  produce   f 
a  certain  note,  a  airing  extended  by  four  limes  that  weight  will  give  a  not*  I 
in  which  the  vibraiions  are  twice  aa  npid, — and  this  will  be  the  octave  of  J 
the  other.     If  uine  limes  the  original  weight  be  employed,  the  vibralioiwf 
will  be  three  times  as  rapid  as  those  of  the  fiindsmenlal  note,  producing  thc^ 
twellYh  above  il.     Now  by  fixing  ihe  larynx  in  such  a  manner,  that  the  vo«al  i 
ligaments  can  be  extended  by  a  known  weight,  Miillcr  has  ascertained  thtt  i 
the  sounds  produced  by  a  variation  of  the  extending  force  will  noi  follow  f 
the  same  ratio;  and  therefore  the  condition  nf  these  ligamenia  ca 
simply  that  of  vibrating  corda.     Further,  a  cord  of  certain  length,  which  n  1 
adapted  to  give  out  a  clear  and  distinct  note,  equal  in  deptli  to  the  lownl  4 
of  the  human  voice,  may  be  made  by  increased  tenaion  to  produce  all  tbo 
superior  notes,  which,  in  stringed  instruments,  are  ordinarily  (Stained  by 
shortening  the  strings.*     But  it  does  not  follow  that  a  short  siring,  which,  j 
with  moderate  tension,  naturally  produces  a  high  note,  should  he  able,  by  ft  J 
diminution  of  the  tension,  to  give  nut  a  deep  one:  for,  although  this  might  bi 
theoretically  possible,  yet  it  cannot  bo  accomplished  in  pracUce;  tin 
vibrations  become  irregular  on  account  of  the  diminished  elasticity.t 
conaiderations  are  in  themselves  sufficient  lo  destroy  the  supposed  analog 
and  lo  prove  that  the  Chordx  Vocales  cannot  be  reduced  lo  ilie  >amc  caM 
gory  with  vibrating  strings. 

406.  The  next  kind  of  instrument  with  which  aomo  analogy  might  t 
■uspecied,  is  the  Fluie-pipe,  in  which  the  sound  is  produced  by  the  ribn 
tion  of  an  elastic  column  of  air  contained  in  the  lube;  and  the  pitch  of  ibi 
note  ia  determined  almost  entirely  by  the  length  of  the  rotumn,  Mlthnii^  I 
■lightly  mo<li6ed  by  its  diameter,  and  by  ihe  nature  of  ihe  embouchure  o 
mouth  from  which  it  issuca.  This  ia  exemplified  in  the  German  tluie  Mtd 
in  the  English  Flute  or  FUgeolel;  in  both  of  which  initnimenti  the  > 
length  of  ihe  pipe  is  determined  by  the  inlervaU  between  ihe  embouchaii 
and  the  nearest  of  the  side  apertures;  by  opening  or  closing  which,  ihors 
fore,  a  roodificatian  of  the  tone  is  producet).  In  the  Organ,  of  which  thi 
greater  number  of  pipes  are  constructed  upon  ihia  plan,  lliero  is  a  disiinrt  1 
pipe  for  every  note;  and  their  length  increiMS  in  n  regular  scale.     It  is,  ia  J 

•  Thus  in  Ihe  Pianoforte,  where  ihere  are  Hiringt  for  tach  tiuie,  a  gradual  ibon 
n  ihc  lowest  to  the  tii|li('i<ii  sod  In  tbt  Violin,  ihe  change  of  ten*  it 
«in'limiiii>hih"lrn(.tl!iir  I'naiCl 
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fact,  with  flute-pipes  as  with  string, — that  a  diminution  in  length  causes  an 
increase  in  the  number  of  vibrations  in  an  inverse  proportion;  so  that  of  two 
pipes,  one  half  the  length  of  the  other,  the  shorter  will  give  a  tone  which 
is  the  octave  above  the  other,  the  vibrations  of  its  column  of  air  being  twice 
as  rapid.  Now  there  is  nothing  in  the  form  or  dimensions  of  the  column 
of  air  between  the  larynx  and  the  mouth,  which  can  be  conceived  to  render 
it  at  all  capable  of  such  vibrations  as  are  required  to  produce  the  tones  of  the 
Human  voice;  though  there  is  some  doubt  whether  it  is  not  the  agent  in  the 
musical  tones  of  some  Birds.  The  length  of  an  open  pipe  necessary  to  give 
the  lowest  G  of  the  ordinary  bass  voice,  is  nearly  six  feet;  and  the  con- 
ditions necessary  to  produce  the  higher  notes  from  it,  are  by  no  means  those 
which  we  find  to  exist  in  the  process  of  modulating  the  human  voice. 

407.  We  now  come  to  the  third  class  of  instruments,  in  which  sound  is 
produced  by  the  vibration  of  reeds  or  tongues;  thesQ  may  either  possess 
elasticity  in  themselves,  or  be  made  elastic  by  tension.     The  reeds  of  the 
Moath-.£olina,  Accordion,  Seraphine,  &c.,  are  examples  of  instruments  of 
this  charaeter,  in  which  the  lamina  vibrates  freely  in  a  sort  of  frame,  that 
allows  the  air  to  pass  out  on  all  sides  of  it  through  a  narrow  channel,  thus 
increasing  the  strength  of  the  blast:  whilst  in  the  Hautboy,  Bassoon,  &c., 
and  in  Oigan-pipes  of  similar  construction,  the  reed  is  attached  to  one  end  of 
a  pipe.    In  the  former  kind,  the  sound  is  produced  by  the  vibration  of  the 
tongue  alone,  and  is  regulated  entirely  by  its  length  and  elasticity;  whilst  in 
the  latter,  its  pitch  is  dependent  upon  this  conjointly  with  the  length  of  the 
tube,  the  column  of  air  contained  in  which  is  thrown  into  simultaneous  vi- 
bration.    Some  interesting  researches  on  the  effect  produced  on  the  pitch 
€>f  a  sound  given  by  a  reed,  through  the  union  of  it  with  a  tube,  have  been 
znade  by  M.  W.  Weber;  and,  as  they  are  important  in  furnishing  data  by 
^whioh  the  real  nature  of  the  vocal  organ  may  be  determined,  their  chief  re- 
anlts  will  be  here  given.     I.  The  pitch  of  a  reed  may  be  lowered,  but  can- 
not be  raised,  by  joining  it  to  a  tube.    H.  The  sinking  of  the  pitch  of  the 
leed  thus  produced  is  at  the  utmost  not  more  than  an  octave.    IH.  The 
ftindamental  note  of  the  reed  thus  lowered  may  be  raised  again  to  its  original 
pitch  by  a  further  lengthening  of  the  tube;  and  by  a  further  increase  is  again 
towered.     IV.  The  length  of  tube  necessary  to  lower  the  pitch  of  the  in- 
vtrament  to  any  given  point  depends  on  the  relation  which  exists  between 
the  frequency  of  the  vibrations  of  the  tongue  of  the  reed  and  those  of  the 
column  of  air  in  the  tube,  each  taken  separately. — From  these  data,  and 
from  those  of  the  preceding  paragraph,  it  follows  that,  if  a  wind-instrument 
ean,  by  the  prolongation  of  its  tube,  be  made  to  yield  tones  of  any  depth  in 
proportion  to  the  length  of  the  tube,  it  must  be  regarded  as  a  flute-pipe; 
whilst,  if  its  pitch  can  only  be  lowered  an  octave  or  less  (the  embouchure 
remaining  the  same]  by  lengthening  the  tube,  we  may  be  certain  that  it  is 
a  reed  instrument.   The  latter  proves  to  be  the  case  in  regard  to  the  Larynx. 

408.  Between  the  action  of  the  Ohordse  Yocales,  however,  and  that  of 
an  ordinary  reed,  there  appears  to  be  a  marked  difference;  but  this  difference 
is  really  by  no  means  considerable.  In  a  reed,  elasticity  is  a  property 
«f  the  tongue  itself,  when  fixed  at  one  end,  the  other  vibrating  freely;  but 
by  a  membranous  lamina,  fixed  in  the  same  manner,  no  tone  would  be 
produced.  If  such  a  lamina,  however,  be  made  elastic  by  a  moderate 
degree  of  tension,  and  be  fixed  in  such  a  manner  as  to  be  advantageously 
icted  on  by  a  current  of  air,  it  will  give  a  distinct  tone.  It  is  observed  by 
^Qller  that  membranous  tongues  made  elastic  by  tension,  may  have  either 

i     of  three  difierent  forms.     I.  That  of  a  band  extended  by  a  cord,  and  in- 
1    eluded  between  two  firm  plates,  so  that  there  is  a  clefi  for  the  passage  of 
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air  on  each  side  of  the  ton^pie.  II.  The  elastic  membrane  may  be  stretched 
over  the  half  or  any  portion  of  the  end  of  a  short  tube,  the  other  part 
being  occupied  by  a  solid  plate,  between  which  and  the  elastic  membrane 
a  narrow  fissure  is  left.  III.  Two  elastic  membranes  may  be  extended 
across  the  mouth  of  a  short  tube,  each  covering  a  portion  of  the  opening, 
and  having  a  chink  left  open  between  them. — This  last  is  evidently  the 
form  most  allied  to  the  Human  Glottis;  but  it  may  be  made  to  approximate 
still  more  closely,  by  prolonging  the  membranes  in  a  direction  parallel  to 
that  of  the  current  of  air,  so  that  not  merely  their  edges  but  their  whole 
planes  shall  be  thrown  into  vibration.  Upon  this  principle  a  kind  of 
artificial  glottis  has  been  constructed  by  Mr.  Willis,  the  conditions  of  action 
and  the  effects  of  which  are  so  nearly  allied  to  that  of  the  real  instrument, 
that  the  similar  character  of  the  two  can  scarcely  be  doubted.  The  fol- 
lowing is  his  description  of  it     **  Let  a  wooden  pipe  be  prepared  of  the 

form  of  Fig.  39,  having  a  foot  C 


Pig.  39. 


Pig.  39.' 


Artificial  lar7nx. 


like  that  of  an  organ-pipe,  and  ui 
upper  opening,  long  and  narrow, 
as  at  B,  with  a  point  A  rising  at 
one  end  of  it.  If  a  piece  of  lea- 
ther, or  still  better,  of  sheet  India 
Rubber  be  doubled  round  this 
point,  and  secured  by  being 
bound  round  the  pipe  at  D  with 
strong  thread,  as  in  Fig.  39*,  it 
will  give  us  an  artificial  glottis 
with  its  upper  edges  6  H,  which 
may  be  made  to  vibrate  or  not,  at 
pleasure,  by  inclining  the  planes 
of  the  edges.  A  couple  of  pieces 
of  cork  may  be  glued  to  the  cor- 
ners to  make  them  more  manage- 
able. From  this  machine  various 
notes  may  be  obtained,  by  stretch- 
ing the  edges  in  the  direction  of 
their  length  G  H;  the  notes  rising 
in  pitch  with  the  increased  tension,  although  the  length  of  the  vibrating 
edge  is  increased.  It  is  true  that  a  scale  of  notes  equal  in  extent  to  that  of 
the  human  voice  cannot  be  obtained  from  edges  of  leather;  but  this  scale 
is  much  greater  in  India  Rubber  than  in  leather;  and  the  elasticity  of  them 
both  is  so  much  inferior  to  that  of  the  vocal  ligaments,  that  we  may  readilv 
infer  that  the  great  scale  of  the  latter  is  due  to  its  greater  elastic  powers. 
By  other  experimenters  the  tissue  forming  the  middle  coat  of  the  arteries ^afl 
has  been  used  for  this  purpose,  in  the  moist  state,  with  great  success;  with^ 
this  the  tissue  of  the  vocal  ligaments  is  nearly  identical.  It  is  worthy  oK^ 
remark  that,  in  all  such  experiments,  it  is  found  that  the  two  membrane 
may  be  thrown  into  vibration  when  inclined  towards  each  other  in  variont 
degrees,  or  even  when  they  are  in  the  same  plane,  and  their  edges  onl] 
approximate;  but  that  the  least  inclination  from  each  other  (which  is  th^^ 
position  the  vocal  ligaments  have  during  the  ordinary  state  of  the  glottiflr^ 
1 404)  completely  prevents  any  sonorous  vibrations  from  being  produced. 

409.  The  pitch  of  the  note  produced  by  membranous  tongues  may  \>^ 
afiected  in  several  ways.     Thus,  an  increase  in  the  strength  of  the  blast* 
which  has  little  influence  on  metallic  reeds,  raises  their  pitch  very  coo* 
siderably;  and  in  this  manner  the  note  of  a  membranous  reed  may  be  nised 
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by  semitones  to  as  much  as  a  fifth  above  the  fundamental.  The  addition 
of  a  pipe  has  nearly  the  same  effect  on  their  pitch  as  on  that  of  metallic 
reeds;  but  it  cannot  easily  be  determined  with  the  same  precision.  The 
effect  of  the  junction  of  a  pipe  with  a  double  membranous  tongue  is  well 
shown  in  the  Trumpet,  Horn,  and  other  instruments,  which  require  the 
vibration  of  the  lips,  as  well  as  a  blast  of  air,  for  the  production  of  their 
sound,  having  no  reed  of  their  own.  By  some,  these  instruments  have 
been  classed  with  Flute-pipes;  but  the  conditions  of  their  action  are  entirely 
different.  The  mouth-piece  of  the  horn  or  trumpet  is  incapable  of  yielding 
any  tone,  when  a  current  of  air  is  merely  blown  through  it;  and  the  lips 
are  necessary  to  convert  it  into  a  musical  reed,  being  rendered  tense  by  the 
contraction  of  their  sphincter,  partly  antagonized  by  the  slightly-dilating 
action  of  other  muscles.  The  variation  of  the  tension  of  the  lips  is  effected 
by  muBcnlar  effort;  and  several  different  notes  may  be  produced  with  a  pipe 
of  the  same  length:  but  there  is  a  length  of  the  column  of  air  which  is  the 
one  best  adapted  for  each  tone;  and  different  instruments  possess  various 
contrivances  for  changing  this.  It  has  been  recently  ascertained,  that  the 
length  of  the  pipe  prefixed  to  the  reed  has  also  a  considerable  influence  on 
its  tone,  rendering  it  deeper  in  proportion  as  it  is  prolonged,  down  to  nearly 
the  octave  of  the  fundamental  note;  but  the  pitch  then  suddenly  rises  again, 
as  in  the  e^se  of  the  tube  placed  beyond  the  reed.  The  researches  of  Mtil- 
ler,  however,  have  not  succeeded  in  establishing  any  very  definite  relation 
between  the  length  of  the  two  tubes,  in  regard  to  their  influence  on  the 
pitch  of  the  reed  placed  between  them. 

410.  From  the  foregoing  statements  it  appears,  that  the  true  theory  of 
the  Voice  may  now  be  considered  as  well  established,  in  regard  to  this 
essential  particular,— that  the  sound  is  the  result  of  the  vibrations  of  the 
irocal  ligaments,  which  take  place  according  to  the  same  laws  with  those  of 
snetallie  or  other  elastic  tongues:  and  that  the  pitch  of  the  notes  is  chiefly 
^▼emed  by  the  tension  of  these  laminae.     With  respect,  however,  to  the 
modifications  of  these  tones  induced  by  the  shape  of  the  air-passages,  both 
&bove  and  below  the  larynx,  by  the  force  of  the  blast,  and  by  other  concur- 
rent circumstances,  little  is  certainly  known.     Hence  it  is  that  on  the 
theory  of  the  production  of  what  are  called  falsetto  notes,  there  is  much 
difference  of  opinion  amongst  physiologists.     Some  have  contended,  that 
these  tones  are  produced  by  the  vibration  of  the  vocal  ligaments  along  only 
&  part  of  their  length;  but  this  is  certainly  untrue.  By  MUller  it  is  believed 
wt  in  the  falsetto  notes  merely  the  thin  border  of  the  glottis  vibrates,  so 
^t  the  fissure  remains  distinctly  visible;  whilst  in  the  production  of  the 
Ofdinary  vocal  tones,  the  whole  breadth  of  the  vocal  ligaments  is  thrown 
into  strong  vibrations,  which  traverse  a  wider  sphere,  so  that  a  confused 
i&otion  is  seen  in  the  lips  of  the  glottis,  and  its  fissure  is  obscured.     That 
^  tension  of  the  vocal  cords  is  not  diminished  (as  it  ought  to  be  if  only  a 
pvt  of  their  length  were  being  used),  but  is  progressively  increased,  as  we 
pass  from  the  ordinary  falsetto  scale,  any  one  may  convince  himself,  by 
placing  his  finger  on  the  interval  between  the  thyroid  and  cricoid  cartilages, 
^  formerly  described  (§402).*    A  very  important  adjunct  to  the  produc- 

*  That  the  falsetto  voice  differs  in  some  essential  particular  from  the  natural,  is 
•ridem  from  this, — that  many  persons  who  possess  a  considerable  range  of  both  are 
fet  Qoable  to  unite  them,  so  as  to  sing  through  the  whole  scale  without  a  marked  in- 
lerroption.  Thus  a  gentleman  of  the  Authors  acquaintance  has  a  bass  voice,  ranging 
from  the  lowest  E  of  the  Square  Piano  to  the  second  C  above;  and  a  falsetto  ranging 
from  the  A  below  this  to  the  E  of  the  octave  above,  so  as  to  give  a  compass  of  three 
octaves  on  the  whole;  yet  the  two  registers  cannot  be  smoothly  blended. 
38 
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tion  of  the  higher  nolea  has  been  pointed  out  by  MUUer,  aa  being  sfibnied 
by  ihc  modiGcalJon  in  the  space  included  between  the  Iwo  sides  of  ihe  thy- 
roid canilag'e,  which  is  eflecled  by  the  thyro-arylenoidei.  He  had  eiperi- 
tnenlatly  ascertained  that  ihe  introduction  of  a  hallow  plug  into  the  npper 
end  of  the  pipe  beneath  his  artificial  larynx  (and  therefore  iusl  below  the 
reed),  by  diminishing  its  aperture,  produced  a  considerable  elevation  of  the 
lone.  The  aclion  may  be  imitaied  in  ihe  human  larynx,  when  made  the 
snbiecl  of  experiment,  by  compressing  laterally  the  thyroid  rarlilsge:  xnd 
in  this  manner  the  natural  voice  could  be  made  to  extend  through  a  range 
thai  could  otherwise  be  only  reached  by  a  falselto. 

411.  The  strength  of  the  lone  produced  in  the  larynx  is  much  increased 
by  the  resonance  of  the  elasiic  tissue  which  it  contains  in  various  other 
parts;  but  still  more,  perhaps,  by  that  produced  by  the  air  in  the  trachea, 
bronchi,  and  pulmonary  cells.     This  comes  U>  be  of  great  importance  in 
the  phenomeua  of  auscultation.     The  aerial  resonance  is  loudest  where  any 
large  body  of  air  is  collected  together,  as  in  the  trachea,  the  lareer  bronchi, 
an  emphysematous  dilatation,  or  a  cavity  resulting  from  tubercular  softening. 
On  the  other  hand,  sol  id  i  heat  ion  of  the  pulmonary  tissue  will  produce  a 
resonance  of  a  somewhat  different  kind.     The  inQuence  of  the  prefixed  and 
superadded  tubes,  in  modifying  the  tones  produced  by  (he  Human  larynx, 
has  been  found  by  Prof.  Miiller  not  to  be  at  all  comparable  to  thai  which 
they  exercised  over  the  artificial  larynx;  the  reason  of  which  difference 
does  not  seem  very  apparent.     It  appears,  however,  that  there  is  a  certain 
length  of  the  preiixed  tube, — as  there  is  a  certain  distance  of  the  vibraiing 
laminie,  and  a  certain  length  or  form  of  the  tube  above, — which  is  m(wl    I 
favourable  to  ihe  production  of  each  note;  and  the  downward  movement  of  J 
the  whole  vocal  organ,  which  lakes  place  when  we  are  soanding  deep  nntca^  J 
and  its  rise  during  the  elevation  of  the  lonea,  have  been  supposed  to  ba*«fl 
the  purpose  of  making  this  adjnsUnent  in  ihe  length  of  the  Irachea;  hut  ihiBB 
requires  the  supposition  that  the  real  length  of  the  trachea  is  shorteoaM 
whilst  it  appears  extended, — for  which  there  seems  no  foundation.    It  is  inwi 
gin«<)  by  Mr.  Whealatoue,  that  the  column  of  air  in  the  trachea  may  diviJl 
itself  into  harmonic  lengths,  and  may  produce  a  rrciprocalion  of  the  lofll 

S'ven  by  the  vocal  ligaments  (^nS.*));  and  in  tliis  manner  he  considers  ih^B 
e  fulselto  notes  are  to  be  explained.  It  may  bs  added  that  the  partuH 
dosinft  of  the  epiglottis  seems  to  nssisi  in  the  produciion  of  deei>  nnie«,  just  1 
M  the  partial  covering  of  the  top  of  a  short  pipe  fixed  to  a  rcrd,  wilt  lowor  1 
iu  lone:  dial  aomething  of  this  kind  takes  place  during  natnnil  vocolita-  ■ 
tion  would  appear,  from  ihe  retraction  and  depression  of  the  tongue  wbiol 
accompany  ihe  lowering  of  the  front  of  the  head,  when  the  very  lowof 
notes  arc  being  sounded.  The  nrclies  of  the  palate  and  uvula  liecome  ci 
Iraetod  during  the  formation  of  the  higher  tones;  but  no  dilTercnpo  can  _ 
per«>oivpd  in  theii  stale,  whether  these  tones  be  falsetto  or  nut;  hence  111 
would  appear  ihat  they  have  no  concern  in  this  pectdiatity;  and  die  pnib^ 
poao  of  their  increased  tension  is  probably  to  mnintnin  their  power  of  ■ 
resonance.  Thn  experiments  of  Savari  have  shown,  that  a  cavity  whi^fl 
only  napimda  (o  a  shrill  noie,  when  iu  walls  ore  firm  and  dry,  may  btJ 
made  lo  alTord  a  greater  variety  of  lower  tones,  when  its  walls  arc  moistentd  j 
and  relaxed  in  various  degrees.  This  observation  may  probably  be  aj 
■Jm  10  the  trachea. 

4U.  These  and  numerous  other  muscular  actions  which  arc  •mph>yod  I 
in  ihe  produciion  and  regulnlion  of  the  voice,  are  effected  by  an  impulN  ] 
whieh  can  scarcely  he  termed  voluntary,  and  die  nature  of  which  is  a  eo-  ' 
notis  subject  for  in.|uiry.     It  may  be  aafdy  affirmed  that  the  produciion  oT 
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toands  is  in  itself  an  instinctive  action,  although  the  combination  of  these, 
whether  into  music  or  articulate  language,  is  a  matter  of  acquirement. 
Now  it  might  be  supposed  that  the  will  had  sufficient  power  over  the  vocal 
muscles,  to  put  them  into  any  state  requisite  for  its  purposes,  without  any 
fiirther  condition;  but  a  little  self-experiment  will  prove,  that  this  is  not  the 
case.     No  definite  tone  can  be  produced  by  a  voluntary  effort,  unless  that 
tone  be  present  to  the  mind,  during  however  momentaiy  an  interval,  either 
as  immediately  conveyed  to  it  by  an  act  of  Sensation,  recalled  by  an  act  of 
Conception,  or  anticipated  by  an  effort  of  the  Imagination.     When  thus 
present,  the  will  can  enable  Ihe  muscles  to  assume  the  condition  requisite 
to  produce  it;  but  under  no  other  circumstances  does  this  happen,  except 
by  a  particular  mode  of  discipline  presently  to  be  adverted  to.     The  action 
itMlf,  therefore,  must  be  reduced  to  the  class  of  consensual  movements; 
and  we  must  suppose  that  the  will  is  exercised  in  permitting  rather  than  in 
directly  exciting  it.     That  those  who  are  unfortunately  labouring  under 
congenital  deafness  are  thence  debarred  from  learning  the  use  of  voice  in 
the  ordintry  manner,  is  well  known;  the  consensual  action  cannot  be  ex- 
cited, eiflier  durough  sensations  of  the  present,  or  conceptions  of  the  past; 
and  the  imagination  is  entirely  destitute  of  power  to  suggest  that  which  has 
been  in  no  shape  experienced.    But  such  persons  may  be  taught  to  speak 
in  an  imperfect  manner,  by  causing  them  to  imitate  particular  muscular 
movements  which  they  may  be  made  to  see;  and  it  is  evident  that  they 
must  be  guided  in  the  imitation  and  ordinary  performance  of  those  move- 
xnents,  by  the  common  muscular  sensations  which  accompany  them,  and 
not  by  the  sensations  conveyed  through  the  auditory  nerve,  which  are  for 
this  purpose  by  far  the  most  precise  guides.     Many  instances,  indeed,  are 
on  record,  in  which  persons  entirely  deaf  were  enabled  to  carry  on  a  con- 
irersation  in  the  regular  way;  judging  of  what  was  said,  by  the  movements 
of  the  lipe  and  tongue,  which  they  had  learned  to  connect  with  particular 
■yDables;  and  regulating  their  own  voices  in  reply,  by  their  voluntary  power, 
guided  by  muscular  sensation.* 

[In  the  foregoing  account  of  the  Physiology  of  Voice,  the  Author  has  been  chiefly 
{Qidedbv  the  excellent  paper  by  Mr.  Willis  in  the  Transactions  of  the  Cambridge 
Philosophical  Society,  vol.  iy.,  and  by  the  elaborate  investigations  of  Muller  and  his 
CQtdjutms,  as  detailed  in  the  Fourth  Book  of  his  Physiology.] 

Of  Articulate  Sounds. 

418.  The  Lar3mx,  as  now  described,  is  capable  of  producing  those  tones 
of  which  Voice  fundamentally  consists,  and  the  sequence  of  which  becomes 
Music;  but  Speech  consists  in  the  modification  of  the  laryngeal  tones  by 
other  organs  intervening  between  the  glottis  and  the  os  externum,  so  as  to 
produce  those  articulate  sounds  of  which  Language  is  formed.  It  cannot 
be  questioned  that  Music  has  its  language,  and  that  it  is  susceptible  of  ex- 

Eising  the  emotional  states  of  the  mind,  among  those  at  least  who  have 
n  accustomed  to  associate  these  with  its  varied  modes,  to  even  a  higher 
degree  than  articulate  speech.  But  it  is  incapable  of  addressing  the  intellect, 
fcy  conveying  definite  ideas  of  objects,  properties,  actions,  &c.,  in  any  other 
)ray  Uian  by  a  kind  of  imitation,  which  may  be  compared  to  the  signs  used 
in  hieroglyphic  writing.  These  ideas  it  is  the  peculiar  province  of  articu- 
Ute  language  to  convey;  and  we  find  that  the  vocal  organ  is  adapted  to  form 
t  large  number  of  simple  sounds,  which  may  be  readily  combined  into 

•  See  Johnstone  on  Sensation,  p.  138. 
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groups,  forming  words:  the  number  of  f^ombinaliona  which  can  be  Ihua  pro* 
Juced,  is  so  inexhausiible,  that  every  langunge  has  iu  own  peculiar  ienes, 
no  (lilGcuUy  being  found  in  forming  new  ones  to  eipress  new  ideas.  There 
ia  considerable  diversity  in  different  languages,  even  with  regard  lo  the  use 
of  the  simplest  of  these  combinations;  some  of  them  are  more  easy  of 
formation  than  others,  and  these  accnrdingly  enter  into  the  composition  of 
all  languages;  whilst  of  ihe  more  diflicult  ones,  some  are  employed  in  one 
language,  some  in  another, — no  one  possessing  ihem  all.  Without  entering 
into  any  detailed  account  of  the  mechanism  required  to  produce  each  of 
these  simple  sounds,  a  few  general  considerations  will  be  offered  in  regard 
to  the  cl ass ifi cation  of  them;  and  the  peculiar  defect  of  articulation  termed 
Stammering  will  be  briefly  treated  of. 

414.  Vocal  sounds  are  divided  into  Vowels  and  Consonants;  and  the 
diaiiuclivc  characters  of  these  are  usually  considered  to  be,  that  the  Vowels 
are  produced  by  the  Voice  alone,  whilst  the  sound  of  the  Consonants  ii 
formed  by  some  kind  of  interruption  to  the  voice,  so  that  they  i 
properly  expressed  unless  conjoined  with  a  vowel.     The  distinction  ma^J 
be  more  correctly  laid  down,  however,  in  this  manner; — the  vowel  sounoil 
are  continuous  tones,  raodijied  by  the  form  of  the  aperture  through  whick'v 
they  pass  out;  whilst  in  sounding  consonants,  the  breath  suffers  a  motv  or  T 
less  complete  inlertupiion  in  its  passage  through  parts  anlerior  lo  the  larynx.   ' 
Hence  the  really  simple  vowel  sounds  are  capable  of  prolongation  during 
any  time  that  the  breath  can  sustain  them;  this  is  not  the  case,  howeveti  J 
with  the  real  diphthongal  sounds  (of  which  it  will  presently  appear  ihnt  tht  J 
English  i  is  one);  whilst  it  is  (rue  of  some  consonants.     It  seems  to  haTS'l 
been  forgotten  by  many  of  those  who  have  written  on  this  subject,  that  ths  1 
laryngeal  voice  is  not  esseniial  to  the  formation  of  either  vowels  or  cans»-.l 
nants;  for  all  may  be  sounded  in  a  whisper.     It  is  very  evident,  therefore^  I 
that  the  larynx  is  not  primarily  concerned  in  their  production:  and  ibis  hu 
been  fully  established  by  the  following  experiment.     A  flexible  tube  wi^ 
introduced  by  M.  Deleau  through  his  nostrils  into  the  pharynx,  and  air  wifl 
impelled  by  it  into  the  fauces;  then,  closing  the  larynx,  he  threw  the  fauoM' 
into  the  difTerenl  positions  requisite  for  producing  articulate  sounds,  whtL 
the  air  impelled  through  the  lube  became  an  audible  whisper.    The  expert^ 
mont  was  repeated,  with  this  variation, — that  laryngeal  sounds  were  sllowod 
lo  pass  into  the  fauces;  and  each  articulated  letter  was  then  heard  double, 
in  a  proper  voice  and  in  a  whisper. 

416.  That  the  Vowels  are  produced  by  simple  modifications  in  the  form 
of  the  external  passnges,  is  easily  proved'boih  by  observation  and  by  imita- 
live  experiment.  When  the  month  is  opened  wide,  the  tongue  depressed, 
and  the  velum  palali  elevated,  so  as  to  give  the  freest  possible  exit  to  iho 
*oicn,  the  vowel  a  in  its  broadest  form  (as  in  ah]  is  sounded.*  On  tlic  other 
hand.  If  the  oral  aperture  be  conlracied.  the  tongue  being  still  depressed,  tha 
Bound  00  (the  continental  u)  is  produced.  If  attention  be  paid  to  the  sute 
of  the  Imccal  cavity  during  the  pronunciation  of  the  different  vowel  sounds. 
It  will  be  found  lo  undergo  a  great  vatieiy  of  modifications,  arising  from 
variciie*  of  position  of  the  tongue,  the  cheeks,  the  lips,  and  of  the  vc 
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paiau.  i  he  position  of  the  tongue  is,  indeed,  one  of  the  primary  condiliona 
oi  the  variation  of  the  sound;  for  it  may  be  easily  ascertained  that,  by  pe- 
culiar Inflexions  of  this  organ,  a  great  diversity  of  vowel  sounds  may  be 

f".  bat  litis  ti  ■  v«rr  pere«p.lble  modifleailon.  MAiof  lowanls  «k 
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produced,  the  other  parts  remaining  the  same.  Still  there  is  a  certain  po- 
sition of  all  the  parts,  which  is  most  favourable  to  the  formation  of  each  of 
these  sounds;  but  this  could  not  be  expressed  without  a  lengthened  descrip- 
tion; the  following  table,  slightly  altered  from  that  of  Kempelen,  expresses 
the  relative  dimensions  of  the  buccal  cavity  and  of  the  oral  orifice  for  some 
of  the  principal  of  these;  the  number  5  expressing  the  largest  size,  and  the 
others  in  like  proportion:— 

Towel.  Sound.  Size  of  oral  opening.       Size  of  buccal  caTitj. 

a  as  in  aA  5                             5 

a  as  in  name  4                            2 

e  as  in  theme  3 

o  as  in  cold  2 

00  as  in  cool  1                            5 


1       UBC^Fft. 


These  are  the  sounds  of  the  five  vowels,  a,  e,  t,  o,  ti,  in  most  continental 
languages;  and  it  cannot  but  be  admitted,  that  the  arrangement  is  a  much ' 
more  natural  one  than  that  of  our  own  vowel  series.  The  English  a  has 
three  disttnct  sounds  capable  of  prolongation;* — the  true  broad  a  of  ah^ 
slightly  modified  in  far;  the  a  of  fate,  corresponding  to  the  e  of  French; 
and  the  a  of  fall,  which  should  be  really  represented  by  au.  This  last  is 
a  simple  sound,  though  commonly  reckoned  as  a  diphthong.  In  Kempelen's 
scale,  the  oral  orifice  required  to  produce  it  would  be  about  3,  and  the  size 
of  the  buccal  cavity  4.t  On  the  other  hand,  the  sound  of  the  English  t 
cannot,  like  that  of  a  true  vowel,  be  prolonged  ad  libitum;  it  is  in  fact  a 
sort  of  diphthong,  resulting  from  the  transition  from  a  peculiar  indefinite 
murmur  to  the  sound  of  e,  which  takes  its  place  when  we  attempt  to  con- 
tinue it.  The  sound  oy  or  ot,  as  in  oil,  is  a  good  example  of  the  true 
diphthong;  being  produced  by  the  transition  from  au  to  f .  In  the  same 
manner,  the  diphthong  ou,  which  is  the  same  with  ow  in  owl,  is  produced 
in  the  rapid  transition  from  the  broad  a  of  ah,  to  the  oo  of  cool.  Much  dis- 
cussion has  taken  place  as  to  the  true  character  of  y,  when  it  commences  a 
word,  as  in  yet,  yawl,  &c.;  some  having  maintained  that  it  is  a  consonant, 
(for  the  very  unsatisfactory  reason  that  we  are  in  the  habit  of  employing  a 
rather  than  an,  when  we  desire  to  prefix  the  indefinite  article  to  such  words,) 
whilst  others  regard  it  as  a  peculiar  vowel.  A  slight  attention  to  the  posi- 
tion of  the  vocal  organs  during  its  pronunciation  makes  it  very  clear,  that 
its  sound  in  such  words  really  corresponds  with  that  of  the  long  (English) 
e;  the  pronunciation  of  the  word  yawl  being  the  same  as  that  of  eaul,  when 
the  first  sound  is  not  prolonged,  but  rapidly  transformed  into  the  second. 
The  sound  of  the  letter  w,  moreover,  is  really  of  the  vowel  character,  being 
formed  in  the  rapid  transition  from  oo  to  the  succeeding  vowel;  thus  wall 
might  be  spelt  ooalL  Many  similar  difficulties  might  be  removed,  and  the 
conformity  between  spoken  and  written  language  might  be  greatly  increased 
(so  as  to  render  far  more  easy  the  acquirement  of  the  former  from  the  latter), 
by  due  attention  to  tlie  state  of  the  vocal  organs  in  the  production  of  the 
simple  sounds. 

*  The  short  vowel  sounds,  as  a  in  fat,  e  in  met,  o  in  pot,  &c.,  are  not  capable  of 
prolongation. 

t  The  mode  of  making  a  determination  of  this  Icind  may  here  be  given,  for  the 
sake  of  example.  If  the  broad  a  be  sounded,  the  mouth  and  fauces  being  opened 
wide,  and  we  contract  the  oral  orifice  by  degrees,  at  the  same  time  slightly  elevating 
the  point  of  the  tongue,  we  gradually  come  to  the  sound  of  au;  by  still  further  con- 
tracting the  orifice,  and  again  depressing  the  tongue,  we  form  oo.  On  the  other 
hand,  m  sounding  e,  the  tongue  is  raised  nearly  to  the  roof  of  the  mouth;  if  it  be 
depressed,  without  the  position  of  the  lips  being  altered,  au  is  given. 
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416.  It  is  not  very  itifTicuU  to  proJuce  a  tolerably  j^ootl  artificial  JmitatioD 
of  the  vowel  sounds.     This  was  accorapliaheii  by  Kempelen,  by  means  of    ' 
an  fndia-mbber  ball,  with  an  orl&ce  at  each  end,  of  which  the  lower  one 
WM  altached  to  a  reed;  by  modifying  the  form  of  the  Itall.  the  different 
voweU  could  be  sounded  during  the  action  of  tUe  reed.     He  alao  employed 

3  short  funnel-like  lube,  and  obtained  (he  diflerenl  soands  by  covering  its 
wide  opening  lo  a  greater  or  less  extent.  This  last  experiment  has  been 
repealed  by  Mr.  Willis;  who  has  alao  found  thai  the  vowel  sounds  mighl 
be  iniilated,  by  drawing  out  a  long  straight  tube  from  the  reed.  In  this  dx- 
perimenl  he  arrived  al  a  curious  resuU: — with  a  lube  of  a  certain  length, 
the  series  of  vowels,  i,  e,  a,  o,  u,  was  obtained,  by  gradually  drawing  Jl 
oul;  but,  if  the  lenglh  was  increased  to  a  certain  point,  a  funhor  gradual 
increase  would  produce  ihe  same  sequence  in  an  inverted  order,  u,  o,  a,  e,  i; 
a  Bidl  further  increase  would  produce  a  relurn  to  ibe  first  scale,  and  so  on. 
When  ihe  pitch  'of  ihe  reed  was  high,  and  the  pipe  short,  it  was  found  . 
that  the  vowels  o  and  u  could  not  be  distincUy  farmed, — the  proper  tone 
being  injured  by  the  elongation  of  the  pipe  necessary  lo  produce  them;  and  ' 
this,  Mr.  Willis  remarks,  is  exacdy  ihc  case  in  the  human  voice,  most 
singers  being  unable  to  pronounce  u  ando  upon  their  highesi  notes. 

417.  The  most  natural  primary  division  of  the  consonanU  is  into  those, 
which  require  a  total  sloppage  of  the  breath  at  the  moment  previous  to  their 
being  pronounced,  and  which,  therefore,  cannot  be  prolonged;  and  those  in 
pronouncing  which  the  interruption  is  partial,  and  which  can,  tike  ihe  vowel 
sounds,  be  prolonged  adlibUum,  The  former  have  received  the  designation 
of  explosive;  and  ibe  laller  of  continuous.  In  pronouncing  the  erptoaipe 
coDsonunls.  the  posterior  nares  are  completely  closed,  so  that  the  esil  of  air 
through  iho  nose  is  altogether  prevented;  and  the  currenl  may  be  checketl 
in  the  mouth  ihree  ways, — by  the  approximation  of  the  lips, — by  the 
approximation  of  the  point  of  the  tongue  lo  the  front  of  the  palnte,— «itd 
by  the  approximalion  of  the  middle  of  the  tongue  to  the  arch  of  the  palate. 
In  Ihe  first  of  these  modes  we  pronounce  the  letters  b,  and  p;  in  the  second, 
d,  and  t;  in  the  third,  the  hard  g,  and  A:.  The  difference  between  b,  d,  and 
g,  on  the  one  hand,  and  p,  I,  and  k,'  on  the  other,  seems  to  depend  on  this; 
.^tliut  in  ihe  former  group  the  approximaiing  surfaces  are  larger,  and  the 
breath  is  sent  through  them  more  strongly  al  the  moment  of  opeoing,  th>n 
in  the  latter.  The  eonlinuotia  consonants  may  be  again  subdivided,  sccotd- 
ing  lo  the  d^ree  of  freedom  with  which  the  air  ia  allowed  lo  make  its  exit, 
and  the  compression  which  it  consequently  experiences.  1.  The  first  class 
includes  tliose  in  which  uo  passage  of  air  through  the  nose,  and  in  which 
the  parts  of  the  mouth  by  which  the  sound  is  produced  are  nearly  approxi- 
mated  together,  so  that  the  compression  is  considerable.  This  is  the  case 
Willi  V  and  /,  which  are  produced  by  approximating  the  upper  incisors  to 
ihs  lower  lip,  and  which  stand  in  nearly  ihe  same  relation  to  each  other  as 
thai  which  exists  between  d  and  /,  or  b  and  p.  The  sibilant  sounds,  z, 
and  M,  stand  in  nearly  the  same  relation  to  each  other;  they  aro  produced 
by  the  passage  of  air  between  the  point  of  the  tongue  and  ihe  front  of  lh» 
palate,  ihe  leeth  being  al  the  same  time  nearly  closed.  The  simple  sound 
ah  ia  formed  by  narrowing  the  channel  between  the  dorsum  of  tlie  tongue 
and  the  palate;  the  farmer  being  elevated  towards  the  latter  through  a 
considerable  pari  of  its  lenglh.  If,  in  sounding  »,  we  raise  the  poiul  of  , 
ihe  longue   a   very  litUe,  bo    as  lo  touch  the   palate,  the  sound  of  /  iJ 

•  for  ihe  sake  orproper  comparison,  Ibis  letter  should  be  sounded,  not  as  lay  bat  J 
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evolved;  and  in  the  same  manner  d  is  produced  from  z.  This  class  also 
inchides  the  th,  which,  being  a  perfecUy  simple  sound,  ought  to  be  ex- 
pressed by  a  single  letter,  as  in  Greek,  instead  of  by  two,  of  which  the 
combination  does  not  really  produce  any  thing  like  it.  For  producing  this 
sound,  the  point  of  the  tongue  is  applied  to  the  back  of  the  incisors,  or  to 
the  front  of  the  palate,  as  in  sounding  /;*  but,  whilst  there  is  complete 
contact  of  the  tip,  the  air  is  allowed  to  pass  out  around  it.  There  is  this 
additional  peculiarity  (which  the  Author  does  not  recollect  to  have  seen 
noticed  elsewhere) — that,  during  the  pronunciation  of  M,  there  is  no  laryn- 
geal voice,  the  sound  being  only  whispered.  2.  In  the  second  class  of 
continuous  consonants,  including  the  letters  m,  n,  /,  and  r,  the  nostrils  are 
not  closed,  and  the  air  thus  undergoes  very  litUe  compression,  even  though 
the  passage  of  air  through  the  oral  cavity  is  almost  or  completely  checked. 
In  pronouncing  m  and  n,  the  breath  passes  through  the  nose  alone;  and 
the  difference  of  the  sound  of  these  two  letters,  must  be  due  to  the  varia- 
tion in  the  form  of  the  cavity  of  the  mouth,  which  acts  by  resonance.  The 
letter  m  is  a  labial,  like  b$  and  the  only  difference  between  the  two  is,  that 
in  the  former  the  nasal  passage  is  open,  whilst  the  mouth  remains  closed; 
whilst  in  tlie  latter,  the  nose  is  entirely  closed,  and  the  sound  is  formed  at 
the  moment  of  opening  the  mouth.  The  same  correspondence  exists 
between  n  and  /,  or  n  and  g  (the  particular  part  of  the  tongue  approximated 
to  the  palate  not  being  of  much  consequence  in  the  pronunciation  of  n); 
and  hence  it  is  that  the  transition  from  n  to  ^,  or  from  n  to  ^,  is  so  easy  that 
the  combinations  nt  and  ng  are  found  abundantly  in  most  languages.  The 
sound  of  /  is  produced  by  bringing  the  tip  of  the  tongue  into  contact  with 
the  palate,  and  allowing  the  air  to  escape  around  it,  at  the  same  time  that  a 
▼ocal  tone  is  generated  in  the  larynx;  it  differs,  therefore,  from  th  in  this 
last  particular,  as  well  as  in  the  slight  degree  of  the  compression  of  the  air 
which  it  involves.  The  sound  of  the  letter  r  depends  on  an  absolute  vibra- 
tion of  the  point  of  the  tongue  in  a  narrow  current  of  air  forced  between 
the  tongue  itself  and  the  palate.  3.  The  sounds  of  the  third  class  are 
scarcely  to  be  termed  consonants,  since  they  are  merely  aapirationa  caused 
hy  an  increased  force  of  breath.  These  are  A,  and  the  cM  of  most  foreign 
languages  (the  Greek  x)*  The  first  is  a  simple  aspiration;  the  second,  an 
aspiration  modified  by  the  elevation  of  the  tongue,  causing  a  slight  obstruc- 
tion to  the  passage  of  air,  and  an  increased  resonance  in  the  back  of  the 
montlL.  This  sound  would  become  either  g  or  A;,  if  the  tongue,  whilst  it  is 
being  produced,  were  carried  up  to  touch  the  palate.:|: 

418.  These  distinctions  come  to  be  of  much  importance,  when  we  apply 
ourselves  to  the  treatment  of  defects  of  articulation.    Great  as  is  the  number 
of  muscles  employed  in  the  production  of  definite  vocal  sounds,  the  number 
^  much  greater  for  those  of  articulate  language;  and  the  varieties  of  com- 
bination, which  we  are  continually  forming  unconsciously  to  ourselves, 
^ould  not  be  suspected  without  a  minute  analysis  of  the  separate  actions. 
1*has,  in  uttering  the  explosive  sounds,  we  check  the  passage  of  air  through 
|he  posterior  nares,  in  the  very  act  of  articulating  the  letter;  and  yet  this 
important  movement  commonly  passes  unobserved.     We  must  regard  the 
power  of  forming  the  several  articulate  sounds  which  have  been  adverted 

*  Hence  it  is  easy  to  understand  the  substitation  of  t  or  d,  for  the  English  ih,  by 
foreigners. 

t  The  English  ch  is  merely  a  combination  of  t  with  sh;  thus  chime  might  be  spelt 
^ime. 

t  The  ^neral  classification  proposed  by  Dr.  M.  Hall  is  here  adopted,  with  some 
i&odification  as  to  the  details. 
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to,  and  their  simple  combinations,  as  so  far  resulting  from  intuition,  that 
it  can  in  general  be  more  readily  acquired  by  early  practice  than  other 
actions  of  the  same  complexity;  so  that  we  may  consider  these  movements 
as  having  somewhat  of  the  same  consensual  character  as  that  which  has  been 
attributed  to  the  purely  vocalizing  actions  (§  412).  But  there  is  in  many 
indviduals  a  deficiency  of  the  power  of  rightly  combining  them,  from  which 
stammering  and  other  imperfections  result.  Many  theories  regarding  the 
nature  of  stammering  have  been  proposed;  and  there  can  be  little  doubt  that 
the  impediment  may  be  attributed  to  a  great  variety  of  exciting  causes.  A. 
disordered  action  of  the  nervous  centres  must,  however,  be  regarded  as  the 
proximate  cause;  though  this  may  be  (to  use  the  language  of  Dr.  M.  Hall) 
either  of  centric  or  of  excentric  origin, — that  is,  may  result  from  a  morbid 
condition  of  the  ganglionic  centre,  or  from  an  undue  excitement  conveyed 
through  its  afferent  nerves.  When  of  centric  origin  (and  this  is  probably 
the  most  general  case)  the  phenomena  of  stammering  and  chorea  have  a  close 
analogy  to  each  other;  in  fact,  stammering  is  frequently  one  of  the  modes 
in  which  the  disordered  condition  of  the  nervous  system  in  chorea  manifests 
itself.  It  is  in  the  pronunciation  of  the  consonants  of  the  explosive  class, 
that  the  stammerer  experiences  the  greatest  difficulty.  The  total  interrup- 
tion to  the  breath  which  they  occasion  frequently  becomes  quite  spasmodic; 
and  the  whole  frame  is  thrown  into  the  most  distressing  semi-convnlsive 
movement,  until  relieved  by  expiration.*  In  the  pronunciation  of  the  con- 
tinuous consonants  of  the  first  class,  the  stammerer  usually  prolongs  them, 
by  a  spasmodic  continuance  of  the  same  action;  and  there  is,  in  consequence, 
an  impeded,  but  not  a  suspended  respiration.  The  same  is  the  case  with 
the  /  and  r  in  the  second  class.  In  pronouncing  the  m  and  n,  on  the  other 
hand,  as  well  as  the  aspirates  and  vowels,  it  is  sometimes  observed  that  the 
stammerer  prolongs  the  sound,  by  a  full  and  exhausting  expiration.  In  all 
these  cases,  then,  it  seems  as  if  the  muscular  sense,  resulting  from  each 
particular  combination  of  actions,  became  the  stimulus  to  the  involuntary 
prolongation  of  that  action.  In  some  instances  it  is  possible  that  the  defect 
may  result  from  malformation  of  the  parts  about  the  fauces,  producing  an 
abnormal  stimulus  of  this  kind  in  some  particular  positions  of  the  organ;  and 
such  cases  may  be  really  benefited  by  an  operation  for  the  removal  of  these 
parts.  But  the  effect  of  the  operation  is  evidently  for  the  most  part  upon 
the  nervous  system;  and  it  coincides  with  what  maybe  frequently  observed, 
—that  the  stammering  is  increased  under  any  unusual  excitement,  especially 
of  the  emotional  kind. 

419.  The  method  proposed  by  Dr.  Arnottfor  the  prevention  of  stammer- 
ing, consists  in  the  connection  of  all  the  words  by  a  vocal  intonation,  in  such 
a  manner  that  there  never  shall  be  an  entire  stoppage  of  the  breath.  It  is 
justly  remarked  by  MUller,  however,  that  this  plan  may  aflbrd  some  benefit, 
but  cannot  do  every  thing,  since  the  main  impediment  occurs  in  the  middle 
of  words  themselves.  One  important  remedial  means,  on  which  too  much 
stress  cannot  be  laid,  is  to  study  carefully  the  mechanism  of  the  articulation 
of  the  diflicult  letters,  and  to  practise  their  pronunciation  repeatedly,  slowly, 
and  analytically.  The  patient  would  at  first  do  well  to  practise  sentences, 
from  which  the  explosive  consonants  are  omitted,  and  his  chief  difiicultyt 
arising  from  the  spasmodic  suspension  of  the  expiratory  movement,  would 
be  thus  avoided.    Having  mastered  these,  he  may  pass  on  to  others  in  which 

♦  By  Dr.  ArDott  this  interruption  is  represented  as  taking  place  in  the  larynx;  that 
this  is  not  the  case,  a  little  attention  to  the  ordinary  phenomena  of  voice  will  satis- 
factorily prove. 
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the  difficult  letters  are  sparingly  introduced^  and  finally  accustom  himself  to 
the  use  of  ordinary  language.  One  of  the  chief  points  to  be  aimed  at,  i«  to 
make  the  patient  feel  that  he  has  command  over  his  muscles  of  articulation; 
and  this  is  best  done  by  gradually  leading  him  from  that  which  he  finds  he 
can  do,  to  that  which  he  fears  he  cannot  The  fact  that  stammering  people 
are  able  to  sing  their  words  better  than  to  $peak  them,  has  been  usually  ex- 
plained on  the  supposition  that,  in  singing,  the  glottis  is  kept  open,  so  that 
there  is  less  liability  to  spasmodic  action;  if,  however,  as  here  maintained, 
the  spasmodic  action  is  not  in  the  larynx,  but  in  the  velum  palati  and  tlie 
muscles  of  articulation,  the  difference  must  be  due  to  the  direction  of  the 
attention  rather  to  the  muscles  of  the  larynx  than  to  those  of  the  mouth. 
Every  one  must  have  noticed  how  much  the  impediment  of  stammerers  is 
increased  when  they  are  particularly  anxious  to  speak  fluently. 


CHAPTER  VII. 


INFLUBNCB  OF  THE  NERVOUS  SYSTEM  ON  THE  ORGANIC  FUNCTIONS. 

420.  Of  the  modes  in  which  the  Nervous  System  influences  the  Organic 
FoDctioQS,  a  part  have  been  already  considered.  It  has  been  shown  (§  183) 
that  it  is  concerned  in  providing  the  conditions,  either  immediate  or  remote, 
nnder  which  alone  these  functions  can  be  performed;  so  that,  when  its 
activity  ceases,  they  cannot  be  much  longer  maintained.  The  first  mode  in 
which  it  operates  upon  them  is,  therefore,  by  producing  sensible  movements 
in  the  muscles  or  other  contractile  organs,  which  can  be  stimulated  to  action 
through  it;  and  the  contractions  thus  induced  have  usually  an  important 
effect  upon  them,  which  varies,  however,  in  each  individual  case.  Thus, 
the  process  of  Nutritive  Absorption,  which  is  the  very  first  stage  in  the 
operations  of  Vegetative  Life,  and  which  is  accomplished  in  Plants  by  the 
accidental  contact  of  the  alimentary  materials  with  the  radical  fibres,  cannot 
take  place  in  Animals,  until  the  muscular  apparatus  of  prehension  has  been 
set  in  action  by  the  Will,  that  of  deglutition  by  the  Reflex  Function,  and 
that  of  the  intestinal  canal  by  direct  stimulation, — the  two  former  kinds  of 
eontraction  being  accomplished  entirely  through  the  nervous  system,  and 
the  latter  being  influenced  by  it.  The  Circulation  of  Blood,  again,  is  chiefly 
effected,  in  the  higher  Animals  at  least,  by  the  contractions  of  a  muscular 
organ  of  impulsion,  which,  though  not  essentially  dependent  upon  nervous 
action,  are  nevertheless  greatly  influenced  by  it.  The  function  of  Respira- 
tbn,  again,  cannot  be  maintained,  even  for  a  short  time,  without  muscular 
movement,  excited  through  tlie  nervous  system.  The  functions  of  Nutrition 
vid  Secretion  are  more  independent  of  it;  taking  place,  as  in  Plants,  so  long 
tt  the  conditions  are  supplied  by  other  functions,  without  any  sensible 
movements  being  actually  concerned  in  them.  We  shall  presently  see, 
however,  that  they  are  subject  to  a  peculiar  kind  of  nervous  influence,  which 
does  not  manifest  itself  in  obvious  movement,  but  in  altered  performance  of 
the  intimate  processes  themselves,  showing  itself  in  the  character  of  the 
organized  tissue  or  of  the  secreted  product.  The  act  of  Excretion  is,  like 
ingestion,  entirely  performed  by  muscular  movement,  dependent  upon 
nervous  agency.  Now  wherever  such  movements  of  distant  organs  are 
39 
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usually  performed  in  connection  with  each  other,  ihere  is  an  obvious  chan- 
nel for  one  kind  of  nymjiat/ii/  between  tliem;  an  interesdng  example  of  thiii 
is  the  contraction  ofllie  uterus  which  may  be  frequently  made  lo  occur, 
when  thai  organ  is  in  a  relaxed  elate  at  ihe  conclusion  of  labour,  by  applyf 
suction  or  other  irritation  lo  the  nipple. 

421.  Sympathetic  mavemcnls  of  this  kind  maybe  cscileil  either  ihrovgll 
the  cerebro-epinal,  or  the  ganglionic  systems;  and  we  shall  be  filled  in  our 
detenninatioD  of  iheir  channel  in  each  particular  case,  by  the  diairibuiion  of 
these  systems  respectively  to  the  organ  aflecled.  The  sympaihetic  mofe> 
menls  of  the  Muscles  of  Animal  life  ($  366)  appear  to  be  chiefly,  if  not 
entirely,  excited  through  the  Cerebro-spinal  system;  whilst  those  of  tlie 
tractile'  tissues  of  llic  Viscera  (§  375)  are  probably  excited  throu^  no 
which,  though  connefted  with  the  Cerebro-spinal  system,  act  undef  peculisT 
condilions,  and  are  commonly  spoken  of  as  forming  part  of  ihe  Sympa- 
thetic  system.  Il  has  been  shown  (§200)  that  all  the  contractile  Organs, 
which  may  be  excited  through  the  Sympathetic  or  Visceral  system  of  nerves, 
may  also  be  made  lo  act  by  stimuli  upplied  to  the  roots  of  ihe  Spinal  nerve 
but  ibat  each  Cerebro-spinal  libre  appears  to  pass  through  several  ^ngli 
before  being  distributed  to  the  organs  which  it  supplies.  Many  speeulatici 
have  been  hazarded,  as  lo  the  reasons  why  llie  visceral  nerves  are  dMlitUl 
of  aensibility:  and,  at  the  time  when  ihe  Sympathetic  was  supposed  lo  ba 
merely  an  oflael  from  the  Cerebro-spinal  system,  it  was  imagined  that  Ui6 
use  of  the  ganglia  upon  the  roots  of  the  spinal  nerves  was  la  "  cut  off  eensa- 
lion"  from  those  concerned  in  the  "  vital  and  involuntary  motions."  The 
influence  of  Bich&t's  ingenious  hypothesis, — that  the  Sympathetic  sysH  " 
is  complete  and  independent,  ministering  to  the  functions  of  Organic  Li 
as  the  Cerebro-spinal  does  to  ihose  of  Animal  Life — for  a  time  caused  "' 
idea  to  be  abaniloned.  Since,  however,  it  has  been  anaiamically  proi 
that  a  large  proportion  of  ihe  filaments  of  the  visreral  nerves  are  derivi 
from  ihe  Spinal  cord,  this  opinion  has  been  revived,  in  a  somewhat  modi- 
fied form.*  Neveriheless  the  evidence  in  its  support  is  somewhat  vague; 
especially  if  the  irulh  of  ihe  doctrine  formerly  urged, — thai  the  Spinal  Cord 
is  not  itself  a  centre  of  sensation, — be  admitted.  For  it  is  only  neceEsary 
10  auppoEe  thai  the  while  fibres  of  the  Sympathetic  nerve  terminate  in  ihe 
true  Spinal  Cord,  without  proceeding  lo  the  Brain,  lo  have  an  explanatjoo 
of  the  absence  of  sensory  endowments  in  the  organs  to  which  ihey  ai 
tribuled,  and  of  the  complete  removal  of  ihe  muscles  supplied  by  their 
nerves,  from  voluntary  control.  That  a  few  fibres,  of  which  ihe  me\ 
cannot  be  excited  under  ordinary  circumstances,  pass  on  to  the  Bi 
eeem  probable  from  the  fact  of  the  sensibility  of  some  parts, 
which  are  lolally  insensible  in  their  normal  condition; — a  fact  in  the  expla- 
nation of  which,  ihe  hypothesis  just  alluded  to  affords  no  assistance. 

422.  Il  appears,  then,  that  it  may  be  slated  as  a  general  proposition,  ihal 
all  the  evident  movements  which  can  be  excited,  by  irritation  applied  lo  one 
part  of  the  body,  in  the  coniraciile  organs  or  tissues  of  another,  «re  really 
effected  through  ihe  Irue  Spinal  Cord,  whether  the  coniractile  organ  be  ■ 
powerful  muscle,  or  a  thin  and  feeble  layer  of  fibres  around  a  blood-ves**! 
or  duct.  Upon  ihe  reasons  why  the  fibres  of  the  Visceral  nencs  shmiU 
be  so  peculiarly  separated  from  the  rest,  we  can  al  present  only  sprculBW; 
but  il  may  not  be  considered  improbable  that,  by  their  peculiar  plexifonn 
arrangement  in  the  various  ganglia  through  which  ihey  pass,  conncctiooc 

•  See  Dr.  Alison  on  ihe  Nerves  of  iLe  Orbil;  Edinb.  Phil.  Trans,  vol.  sr.;  Mul 
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are  established  between  remote  organs,  which  tend  to  bring  their  actions 
into  closer  relation  with  each  other  than  would  otherwise  be  the  case.  The 
existence  of  such  connections,  for  the  purpose  of  harmonizing  the  several 
movements  of  the  viscera  which  are  concerned  in  the  various  and  complex 
operations  of  Digestion  and  its  attendant  processes,  may  be  inferred  from 
the  perfect  conformity  which  exists  between  them,  during  all  their  different 
states  of  regular  action;  and  still  more,  perhaps,  from  the  phenomena  of  their 
disordered  conditions.  The  study  of  these  Sympathies  is  one  of  those  de- 
partments of  Physiology,  in  which  it  may  be  expected  that  much  will  be 
gained  by  patient  and  well-directed  investigation. 

423.  The  movements  immediately  concerned  in  the  Organic  Functions, 
however,  are  not  influenced  by  Reflex  action  alone,  but  also  by  Emotional 
conditions  of  the  mind.  This  is  most  obvious  in  regard  to  the  Heart. 
Every  one  must  have  experienced  the  disturbance  of  its  pulsations,  conse- 
quent  upon  excitement  of  the  feelings,  of  almost  any  description.  But  other 
organs  probably  experience  similar  changes,  although  of  a  less  manifest  cha- 
racter. It  is  well  known  that  the  Sympathetic  system  is  largely  distributed 
upon  the  tninks  of  the  blood-vessels,  accompanying  them  to  their  minutest 
ramificatioiis;  and  it  will  be  hereafter  shown  that  the  fibrous  tissue  of  the 
walls  of  the  arteries  is  probably  susceptible  of  influence  from  these  nerves. 
There  can  be  little  doubt,  therefore,  that  they  constitute  the  channel  through 
which  emotions  operate  in  producing  sudden  distension  of  particular  parts 
of  the  vascular  system,  as  in  blushing,  erection,  &c.  And  to  the  same  kind 
of  influence,  more  gradually  exerted,  we  may  very  probably  attribute  the 
regulation  of  the  supply  of  blood  which  passes  to  difierent  secreting  organs, 
in  varying  conditions  of  the  system. 

424.  But  the  Sympathetic  System  does  not  consist  of  Cerebro-spinal  fila- 
ments alone;  nor  is  its  influence  only  upon  the  motor  or  contractile  tissues 
of  the  body.  There  is  good  evidence  that  the  Nervous  System  has  an  imme- 
diate action  upon  the  molecular  changes  which  constitute  the  functions  of 
Nutrition,  Secretion,  &c.;  and  the  channel  of  that  influence  is  probably  to  be 
found  in  that  system  o( grey  fibres  formerly  described  (§  111),  which  consti- 
tutes a  considerable  proportion  of  the  visceral  nerves,  existing  much  more 
sparingly  in  most  of  the  cercbro-spinal,  but  being  abundant  in  the  Fifth  pair. 
There  is  no  valid  reason,  however,  to  believe  that  any  of  the  processes  of 
Nutrition  and  Secretion  are  dependent  upon  this  or  any  other  kind  of  Ner- 
vous agency.  These  processes  go  on  with  great  rapidity  and  energy  in 
the  Vegetable  kingdom,  in  which  nothing  approaching  to  a  Nervous  System 
exists;  and  in  the  Animal  kingdom  they  take  place  with  equal  vigour  long 
before  the  least  vestige  of  it  appears.  The  Embryological  researches  of 
Dr.  Barry  have  fully  proved  that  in  the  earliest  condition  of  foetal  life,  the 
germ  consists  but  of  a  congeries  of  cells,  which  have  all  originated  in  a 
single  one;  and  from  this  mass,  the  several  tissues  are  gradually  generated, 
by  a  process  wliich  is  termed  in  Germany  histological*  transformation, — 
one  set  of  cells  being  converted  into  muscular  tissue,  another  into  nervous 
tissue,  another  into  mucous  membrane,  and  so  on.  Now  since  this  is  the 
ease,  it  is  evident  that  all  these  processes  of  development  must  take  place 
in  virtue  of  the  inherent  properties  of  the  primary  tissue  itself;  since  no 
nervous  influence  can  be  supposed  to  operate,  before  nerves  are  called 
into  existence.  Throughout  the  Animal  body  it  may  be  observed  that,  the 
more  vegetative  the  nature  of  any  function,  the  less  is  it  connected  with  the 

*  This  term  is  used  in  contradistiDction  to  morphological^  which  applies  to  the  al- 
terations in  \\itform  of  the  several  parts  of  ihe  embryo. 


_._  ...jlly  csplicoble,  fully  us  well,  upon  the  BupposiiJon  thai  they  are  capa- 
ble of  being  affecled  by  it,  either  in  the  way  ol  excilement  or  retardation 
(see  S  237).  Moreover,  there  is  abunJant  evideuce  that  secretion  may  Uke 
place  sficr  the  death  of  the  general  system,  llirough  the  persistence  of  cer- 
tain molecular  changes,  of  which  the  eBseniial  conditions  are  nol  immediaiely 
altered;  and  the  growth  or  the  beard,  which  has  also  been  oceasionally  ob- 
^^^^  aerved,  indicaies  thai  even  nuiriiion  may  continue  to  a  certain  degree.  In 
^^^^Latjch  a  case  (he  Animal  body  is  reduced  to  (he  condition  of  a  Planl:  since  the 
^^^^KnUuence  of  Ihe  oervoas  eysrem  musi  then  be  enlirelyextincL  Upon  those 
^^^^■4lio  maintain  thai  nervous  agency  is  acondilion  essential  lo  those  molecular 
^^^^■■ciions  of  which  nutrition  and  se^^retion  consist,  it  is  incumbeni,  iherefore, 
^^^^■Vo  olfer  some  mote  unexceptionable  proofor  iheir  position  than  has  yel  been 
^^^^Bgiven;  sinco  iheir  docirine  is  opposed  by  so  many  conaideraiions  of  gresi 
^^^Vveight. 

^^^^       426.  Thai  many  of  the  Organic  Functions,  however,  are  directly  infln- 
r  enced  by  ihe  Nervous  System,  is  a  malter  which  does  nol  admit  of  dispuw; 

and  this  influence,  exerted  sometimes  in  exciting,  sometimes  in  checking, 
and  Bomelimes  in  olherwise  modifying  lliom,  may  well  be  compared  10 
I  that  which  the  hand  and  heel  of  the  rider  have  upon  his  horse,  or  the  engine- 

driver  exerla  over  a  locomotive.     Il  is  mosi  remarkably  manifesled  io  the 
i  reSuU  of  severe  injury  of  the  nervous  centres, — sucli  as  concussion  of  the 

^^^^    brain,  or  of  ihe  solar  plexus;*  for  this  does  not  produce  merely  a  suapen- 
^^^^L  siou  of  the  respiratory  and  other  movements  which  minister  lo  the  nrganie    . 
^^^^B  funclions,  and  hence  a  gradual  stagnation  of  the  latter, — but  a  sudden  and 
^^^V  Donipleie  cessation  of  the  whole  train  of  action,  which  cannot  be  attribuled  I 
^^^~    lo  any  other  cause,  than  a  posilive  depressing  influence  of  some  kind,  pro*  I 
'  pagaled  through  the  nervous  system.     Il  will  hereafter  appear  that  in  such  J 

{  cases  even  the  viialily  of  the  blood  is  often  affecled;  the  usual  coagnlatitMi  I 

I  not  taking  place  after  death,  so  long,  at  least,  as  il  remains  within  th«  ve*-  I 

^^^w  kIs.  a  similar  general  depression  may  resuli  from  Mental  Emolion,  opersC  1 
^^^^Vjng  through  the  same  channel;  but  this  more  commonly  has  nilher  r  local  I 
^^^^V  BGlion,  or  operates  more  gradually.  The  inlluenre  of  the  Nervous  Syateia  I 
^^^H'Ib  ofUn  especially  exerted  in  givingtemporaryexciiemenl  to  a  secreting  pro*  I 
^^^^K''Ks8,  which  need  not  be  kept  in  constant  activity,  or  of  which  circumstiuiCH  1 
^^^^Ktbayoccaaionally  require  an  increase.  This  is  ihecase,  for  example,  in  r^Md  1 
^^^^ftlo  the  secretions  connected  with  the  process  of  digesiion, — the  8aliva,  Gm*  I 
^^^^1  Iric  fluid.  Bile,  Pancreolic  fluid,  Slc;  all  of  ihese  being  excited  by  the  contact  ■ 
p  of  ihe  substances  on  which  they  act,  wilh  the  surfaces  on  which  their  n^  I 

'  apeclive  ducts  open.     The  secretion  of  Milk,  again,  in  a  nursing  fcmalCkl 

Biay  be  esciled  by  irritation  of  the  nipple;  and  the  determination  of  UooA'S 
lo  ihe  Mammic  during  pregnancy  must  be  due  to  increased  action  in  tfal^ 
part,  excited  by  the  changes  occurring  in  the  merus,  which  can  acareet^l 
Dperais  otheiwise  than  ihrough  ihe  Nervous  System.  No  other  chunnel  o^ 
influence  can  be  well  imagined  for  most  of  these  operalione,  ihan  the  Sym-I 
c  system:  since  the  organs  in  question  are  for  the  most  part  snpplivd 
There  is  an  apparent  exception,  however,  in  the  case  of  theaslivary 
glands,  which  are  supphed  by  the  Fifth  pair:  but  this  nerve  contains  M 
many  organic  filaments,  and  is  so  intimately  connected  wilh  llie  Sympa* 

The  Aoibor  has  no  doubi  that  the  occasional  occnrrenec  of  dcaih  from  bt_ .  _  . 
(pigasirium  is  to  be  ailribuicd  to  ihls  cause;  ia  all  the  iinlances  on  r#>^r<i,  iliij 
'-"■  bas  coBiained  fooil  at  the  lime,  and  ihe  effect  of  the  blow  woulil,  tl       " 
□fthe  viscera  and  the  nerves  ■" — "" — ■"  — 
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thetic,  as  evidently  to  supply  (in  the  head)  the  place  of  a  separate  ganglionic 
system.  It  is  by  nervous  influence  that  the  mucous  secretion  covering  the 
membranes  is  caused  to  be  regularly  formed  for  their  protection;  for  it  is 
shown  by  pathological  facts  that,  when  this  influence  is  interrupted,  the 
secretion  is  no  longer  supplied,  and  the  membrane,  losing  its  protection,  is 
irritated  by  the  air  or  the  fluids  with  which  it  may  be  in  contact,  and  passes 
into  an  inflammatory  condition.  This  is  the  explanation  of  the  fact  which 
has  been  well  ascertained,  that  the  eye  is  liable  to  suppurate  when  the  Fifth 
pair  has  been  divided;  and  that  the  mucous  membrane  of  the  bladder  be- 
eoffles  diseased  in  Paraplegia. 

426.  The  influence  of  particular  conditions  of  the  mind  in  exciting  va- 
lioQS  secretions,  is  a  matter  of  daily  experience.  The  flow  of  Saliva,  for 
example,  is  stimulated  by  the  idea  of  food,  especially  that  of  a  savoury 
character.  The  Lachrymal  secretion,  again,  which  is  continually  being 
formed  to  a  small  extent,  for  the  purpose  of  bathing  the  surface  of  the  eye, 
ifl  poared  oat  in  great  abundance  under  the  moderate  excitement  of  the  emo- 
tions either  of  joy,  tenderness,  or  grief.  It  is  checiied,  however,  by  violent 
emotions;  hence  in  intense  grief  the  tears  do  not  flow.  It  is  a  well-known 
proof  of  moderated  sorrow,  when  this  takes  place;  tears,  however,  do  not 
bring  relief,  as  is  commonly  believed,  but  they  indicate  that  it  has  been 
brought  Violent  emotion  may  also  suspend  the  salivary  secretion;  as  is 
shown  by  the  well-known  test  often  resorted  to  in  India  for  the  discovery  of 
8  thief  amongst  the  servants  of  a  family, — that  of  compelling  all  the  par- 
ties to  hold  a  certain  quantity  of  rice  in  the  mouth  during  a  few  minutes, — 
the  offender  being  generally  distinguished  by  the  comparative  dryness  of  his 
moQthfiil  at  the  end  of  the  experiment.  The  influence  of  the  emotion  of  love 
of  ofispring,  in  increasing  the  secretion  of  milk,  is  well  known.  The  forma- 
tion or  this  fluid  is  continually  going  on  during  the  period  of  lactation;  but 
it  m  gready  increased  by  the  sight  of  the  infant,  or  even  by  the  thought  of 
him,  especially  when  associated  with  the  idea  of  suckling;  this  gives  rise  to 
the  sudden  rush  of  blood  to  the  gland,  which  is  known  by  nurses  as  the 
draughtf  and  which  occasions  a  greatly-increased  secretion.  The  strong 
desire  to  famish  milk,  together  with  the  irritation  of  the  gland  through  the 
nipple,  have  often  been  eflectual  in  producing  the  secretion  in  girls,  old 
women,  and  even  in  men.  The  quantity  of  the  gastric  secretion  is  in- 
creased by  exhilaration,  at  least  if  we  may  judge  from  the  increase  of  the 
digestive  powers  under  such  circumstances.  Freedom  from  mental  anxiety 
bvonrs  the  secretion  of  fat;  whilst  continual  solicitude  eflfectually  checks 
die  deposition.  It  has  been  stated  that  total  despair  has  an  equal  tendency 
^ih  absence  of  care,  to  produce  this  eflect;  persons  left  long  to  pine  in 
condemned  cells,  without  a  shadow  of  hope,  frequently  becoming  remarka- 
bly fat,  in  spite  of  their  slender  fare.*  The  odoriferous  secretion  of  the 
Blun,  which  is  much  more  powerful  in  some  individuals  than  in  others,  is 
increased  under  the  influence  of  certain  mental  emotions  (as  fear  or  bash- 
folness),  and  commonly  also  by  sexual  desire.  The  sexual  secretions 
themselves  are  strongly  influenced  by  the  condition  of  the  mind.  When 
it  is  frequently  and  strongly  directed  towards  objects  of  passion,  the  secre- 
tions are  increased  in  amount,  to  a  degree  which  may  cause  them  to  be  a 
Tery  injarious  drain  on  the  powers  of  the  system.  On  the  other  hand,  the 
setive  employment  of  the  mental  powers  on  other  objects  has  a  tendency  to 
Tender  less  active,  or  even  to  check  altogether,  the  processes  by  which  these 
are  elaborated.! 

♦  Pletchci's  Physiology,  Part  II.,  b,  p.  11. 

t  This  is  a  simple  physiological  fact,  bat  of  high  moral  application.    The  Author 
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427.  No  secretion  so  evidently  exhibits  the  influence  of  the  depressing 
emotions  as  that  of  the  Mammae;  but  this  may  be  partly  due  to  the  fact, 
that  the  digestive  system  of  the  Infant  is  a  more  delicate  apparatus  for 
testing  the  qualities  of  that  secretion  than  any  which  the  Chemist  can 
devise;  aflbrding  proof,  by  disorder  of  its  function,  of  changes  in  the 
character  of  the  milk,  which  no  examination  of  its  physical  properties  could 
detect.  The  following  remarks  on  this  subject  are  abridged  from  Sir  A. 
Cooper's  valuable  work  on  the  Breast.  **  The  secretion  of  milk  proceeds 
best  in  a  tranquil  state  of  mind,  and  with  a  cheerful  temper;  then  the  milk 
is  regularly  abundant,  and  agrees  well  with  the  child.  On  the  contrary,  a 
fretful  temper  lessens  the  quantity  of  milk,  makes  it  thin  and  serous,  and 
causes  it  to  disturb  the  child's  bowels,  producing  intestinal  fever  and  much 
griping.  Fits  of  anger  produce  a  very  irritating  milk,  followed  by  griping 
in  the  infant,  with  green  stools.  Grief  has  a  great  influence  on  lactation, 
and  consequently  upon  the  child.  The  loss  of  a  near  and  dear  relation,  or 
a  change  of  fortune,  will  often  so  much  diminish  the  secretion  of  milk,  as 
to  render  adventitious  aid  necessary  for  the  support  of  the  child.  Anxiety 
of  mind  diminishes  the  quantity,  and  alters  the  quality  of  the  milk.     The 

would  say  to  those  of  his  younger  readers,  who  urge  the  wants  of  Nature  as  an  excuse 
for  the  illicit  gratilicaiion  of  the  sexual  passion,  "  Try  the  effects  of  close  mental 
application  to  some  of  those  ennobling  pursuits  to  which  your  profession  introduces 
you,  in  combination  with  vigorous  bodily  exercise  (for  the  effects  of  which  see  §  278.), 
before  you  assert  that  the  appetite  is  unreslrainable,  and  act  upon  that  assertion. 
Nothing  tends  so  much  to  increase  the  desire,  as  the  continual  direction  of  the  mind 
towards  the  objects  of  its  gratification.  The  following  observations,  which  the 
Author  believes  to  be  siricily  correct,  are  extracted  from  a  valuable  little  work 
(anonymous)  entitled  "  Be  not  deceived,"  addressed  to  Young  Men;  they  are  directed 
to  those  who  maintain  that,  the  married  state  being  natural  to  Man,  illicit  intercourse 
is  necessary  for  those  who  are  prevented  b^  circumstances  from  otherwise  gratifying 
the  sexual  passion.  "When  the  appetite  is  naturally  indulged,  that  is,  in  marriage, 
the  necessary  energy  is  supplied  by  the  nervous  stimulus  of  its  natural  accompani- 
ment of  love  before  referred  to,  which  prevents  the  injury  which  would  otherwise 
arise  from  the  increased  expenditure  of  animal  power;  and  in  like  manner  also,  the 
function  being  in  itself  grateful,  this  personal  attachment  performs  the  further  ne- 
cessary office  of  preventing  immoderate  indulgence,  by  dividing  the  attention,  through 
the  numerous  other  sources  of  sympathy  and  enjoyment  which  it  simultaneously 
opens  to  the  mind.  But,  when  the  appetite  is  irregularly  indulged,  that  is  in  forni- 
cation, fur  want  of  the  healthful  vigour  of  true  love,  its  energies  become  exhausted; 
and  from  the  want  of  the  numerous  other  sympathetic  sources  of  enjoyment  in  true 
love,  in  similar  thoughts,  common  pursuits,  and  above  all  in  common  holy  hopes,  the 
mere  gross  animal  gratification  of  lust  is  resorted  to  with  unnatural  frequency,  and 
thus  its  powers  become  still  further  exhausted,  and,  therefore, still  more  unsatisfying, 
while,  at  the  same  time,  a  habit  is  thus  created,  and  these  jointly  cause  an  increased 
cravinsf;  and  the  still  greater  deficiency  in  the  satisfaction  experienced  in  its  indul- 
gence further,  continually,  ever  in  a  circle,  increases— the  habit,  demand,  indulgence, 
consequent  exhaustion,  diminished  satisfaction,  and  again  demand,  till  the  mind  and 
body  alike  become  disorganized."  Such  considerations  as  these  may,  to  some  per- 
sons, appear  misplaced  in  a  Physiological  Treatise, — yet  the  Author  feels  sure  that, 
by  his  well-judging  readers,  he  will  not  be  blamed  for  adverting  to  this  subject,  or 
for  the  introduction  of  the  above  quotation  from  a  writer  of  whom  he  has  no  per- 
sonal knowledge,  but  whose  object  must  be  confessed  by  all  to  be  laudable.  There 
seems  to  be  something  in  the  process  of  training  young  men  for  the  Medical  Profes- 
sion, which  encourages  in  them  a  laxity  of  thought  and  expression  on  these  matterSi 
that  generally  ends  in  a  laxity  of  action  and  of  principle.  It  might  have  been  ex- 
pected that  those  who  are  so  continually  witnessing  the  melancholy  consequences  of 
the  violation  of  the  Divine  law  in  this  particular,  would  be  the  last  to  break  it  them- 
selves: but  this  is  unfortunatelv  very  far  from  being  the  case.  The  Author  regrets 
to  be  obliged  further  to  remark,  that  some  recent  works  which  have  issued  from  the 
Medical  press,  contain  much  that  is  calculated  to  excite,  rather  than  to  repress,  the 
propensity;  and  that  the  advice  sometimes  given  by  practitioners  to  their  patients  is 
immoral  as  well  as  imscientific. 
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reception  of  a  letter  which  leaves  the  mind  in  anxious  suspense,  lessens  the 
draught,  and  the  breast  becomes  empty.  If  the  child  be  ill,  and  the 
mother  is  anxious  respecting  it,  she  complains  to  her  medical  attendant 
that  she  has  little  milk,  and  that  her  infant  is  griped,  and  has  frequent  green 
and  frothy  motions.  Fear  has  a  powerful  influence  on  the  secretion  of 
milk.  I  am  informed  by  a  medical  man  who  practises  much  among  the 
poor,  that  the  apprehension  of  the  brutal  conduct  of  a  drunken  husband, 
will  put  a  stop  for  a  time  to  the  secretion  of  milk.  When  this  happens, 
the  breast  feels  knotted  and  hard,  flaccid  from  the  absence  of  milk;  and  that 
which  is  secreted  is  highly  irritating,  and  some  time  elapses  before  a  healthy 
iecretion  returns.  TVrror,  which  is  sudden  and  great  fear,  instantly  stops 
this  secretion."  Of  this,  two  striking  instances,  in  which  the  secretion, 
althoQgh  previously  abundant,  was  completely  arrested  by  this  emotion,  are 
detailed  by  Sir.  A.  G.  *' Those  passions  which  are  generally  sources  of 
pleasure,  and  which,  when  moderately  indulged,  are  conducive  to  health, 
will,  when  carried  to  excess,  alter,  and  even  entirely  check  the  secretion  of 
milk." 

428.  The  following  is  perhaps  the  most  remarkable  instance  on  record, 
of  the  eflTect  of  strong  mental  excitement  on  the  mammary  secretion;  the 
event  could  hardly  be  regarded  as  more  than  a  simple  coincidence,  if  it  were 
not  borne  ont  by  the  less  striking  but  equally  decisive  facts  already  men- 
tioned. **A  carpenter  fell  into  a  quarrel  with  a  soldier  billeted  in  his  house, 
and  was  set  upon  by  the  latier  with  his  drawn  sword.  The  wife  of  the 
carpenter  at  first  trembled  from  fear  and  terror,  and  then  suddenly  threw 
herself  furiously  between  the  combatants,  wrested  the  sword  from  the  sol- 
dier's hand,  broke  it  in  pieces,  and  threw  it  away.  During  the  tumult,  some 
neighbours  came  in  and  separated  the  men.  While  in  this  state  of  strong 
excitement,  the  mother  took  up  her  child  from  the  cradle,  where  it  lay  play- 
ing, snd  in  the  most  perfect  state  of  health,  never  having  had  a  moment's 
iUnets;  she  gave  it  the  breast,  and  in  so  doing  sealed  its  fate.  In  a  few 
minutes  the  infant  left  oflf  sucking,  became  restless,  panted,  and  sank  dead 
upon  its  mother's  bosom.  The  physician,  who  was  instantly  called  in, 
found  the  child  lying  in  the  cradle  as  if  asleep,  and  with  its  features  undis- 
turbed; but  all  his  resources  were  fruitless.  It  was  irrecoverably  gone."* 
In  this  interesting  case,  the  milk  must  have  undergone  a  change,  which  gave 
it  a  powerful  sedative  action  upon  the  susceptible  nervous  system  of  the 
infant:  the  following,  which  recently  occurred  within  the  Author's  own 
knowledge,  is  perhaps  equally  valuable  to  the  Physiologist  as  an  example  of 
the  similarly-fatal  influence  of  undue  emotion  of  a  diflferent  character;  and 
both  should  serve  as  a  salutary  warning  to  mothers,  not  to  indulge  either  in 
the  exciting  or  depressing  passions.  A  lady  having  several  children,  of 
which  none  had  manifested  any  particular  tendency  to  cerebral  disease,  and 

*  Dr.  Von  Ammon,  in  bis  treatise  ''Die  ersten  MutterpflichtcD  and  die  erste  Kin- 
despflege,"  quoted  in  Dr.  A.  Combe's  excellent  liule  work  on  the  Management  of 
InfiiDcy.  Similar  facts  are  recorded  by  other  writers.  Mr.  Wardrop  mentions  (Lan- 
cet, No.  516),  that  having  removed  a  small  tumour  from  behind  the  ear  of  a  mother, 
all  went  well  until  she  fell  into  a  violent  passion;  and  the  child,  being  suckled  soon 
afterwards,  died  in  convulMons.  He  was  sent  for  hastily  to  see  another  child  in  con- 
vnlrions,  aher  taking  the  breast  of  a  nurse  who  had  just  been  severely  reprimanded; 
and  he  was  informeaby  Sir  Richard  CroA,  that  he  had  seen  many  similar  instances. 
There  others  are  recorded  by  Burdach  (Physiologic,  9  52*2);  in  one  of  them,  the  infant 
was  seized  with  convulsions  on  the  right  side,  and  hemiplegia  on  the  leA,  on  sucking 
immediately  afler  its  mother  had  met  with  some  distressing  occurrence.  Another 
case  was  that  of  a  puppy,  which  was  seized  with  epilepsy,  on  sucking  its  mother 
after  a  fit  of  rage 
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of  which  the  youngest  wsa  a  healthy  infant  a  few  moalhs  old,  heard  of  the 
death  (froin  acute  hydrocephalus)  of  the  infant  child  of  a  friend  residing  al 
a  dJBlancG,  with  whom  she  had  been  on  terms  of  close  intimacy,  and  whose 
family  had  increased  almost  contemporaneously  with  her  own.  The  circum- 
stance naturally  made  a  strong  impreeaion  on  her  mind;  and  ahe  dwelt  upon 
il  the  more,  perhaps,  aa  she  happened,  HI  that  period,  to  be  separated  froin 
the  real  of  her  family,  and  lo  be  much  alone  with  her  babe.  One  morning, 
shortly  afier  having  nureed  it,  she  laid  the  infant  in  ila  cradle,  asleep  and 
apparently  in  perfect  health;  her  attention  was  shoilly  attracted  to  it  by  a 
noise;  and,  on  going  to  the  cradle,  she  found  her  infant  in  a  convnlsioii, 
which  lasted  for  a  few  moments  and  then  left  il  dead.  Now,  although  the 
influence  of  the  mental  emotion  is  less  unequivocally  displayed  in  this  ease 
than  in  the  last,  it  can  scareely  be  a  matter  of  doubt;  since  il  ia  natural  that 
iio  feeling  should  be  stronger  in  the  mother's  mind  under  such  circum- 
stances, than  the  fear  thai  her  own  beloved  child  should  be  taken  from  her, 
as  that  of  her  friend  had  been;  and  il  is  probable  that  she  had  been  particu* 
larly  dwelling  on  il  at  the  time  of  nursing  the  infant  on  that  morning.* 

429.  Other  secretions  are  in  like  manner  vitiated  by  mental  emotions, 
although  the  influence  is  not  always  so  manifest.     Thus,  the  halitus  from 
the  hings  is  sometimes  almost  instantaoeoualy  affected  by  bad  news,  so  as 
lo  produce  f<elid  breath.    A  copious  secretion  of  fcetid  gas  someliniea  takos 
place  in  the  intestinal  canal,  under  the  influence  of  any  disturbinf  emoijoi 
or  ihe  usual  fluid  secretions  from  its  walls  are  similarly  disordered.     Tfa| 
tendency  10  defecation  which  ia  commonly  excited  under  such  circuinatanM 
ia  not,  therefore,  due  eimply  to  the  relaxation  of  the  aphincter  ani  (as  c 
monly  supposed),  but  is  partly  dependent  on  the  unuaually  stimtilating 
chitracier  of  ihe  fieces  themselves.     The  same  may  be  said  of  the  tendency 
lo  void  the  urine,  which  is  experienced  under  similar  conditions;  the  chaoge 
in  iu  character  becomes  perceptible  enough  among  many  animals,  in  which 
il  acquires  a  powerfully  disagreeable  odour  under  the  influence  of  fear,  and 
Uius  anawera  the  purpose  which  is  eflecied  in  oihera  by  a  peculiar  secre- 
tion.    Il  is  a  prevalent,  and  perhaps  not  an  ill-founded  opinion,  thai  toeUn- 
eholy  and  jealousy  have  a  tendency  lo  increase  ihe  quantity,  and  to  vitiaii.  J 
the  quality,  of  the  biliary  fluid;  perhaps  tlie  disorder  of  tiie  organic  fai 
tion  is  more  commonly  the  source  of  llie  former  emotion  than  ila  cool 
quence;  but  il  ia  certain  that  tlie  indulgence  of  these  feelings  haa  a  decidM* 
morbific  effect,  by  disordering  ihe  digestive  processes,  and  tlius  cescti  u, 
the  nervous  system  by  impairing  its  healthy  nutrition.     On  the  influcm 
of  mental  cmution  in  the  mother  on  the  ftetus  in  utero,  some  remarks  « ' 
be  offered  hereafter  (Chap.  siv.). 

•Another  instance. in  which  ihc matsrtial inlluence was  \era  cerlnli],ballB wkM 
il  was  not  improbably  the  immediaic  caiiic  cif  Uic  lutal  terminniion.  ciccarred  i 
famil/  nearly  related  la  llie  Aulhor'5.  The  uiDlher  had  lost  seveiBl  cbildreo  In  i  ~ 
Infancy,  Uom  a  ccmvuUlvcdUoritpr:  one  Infant,  however,  survived  the  usaally- 
period:  and  whilst  nursing  him,  one  Tnorning.  she  had  been  slrooely  dwelling  -' 

Kat  oriosine  hiu  nbn,  aUhnugh  he  appeared  a  very  healthy  child.  In  a  hw  in 

atler  the  ta»nl  had  been  iraatferred  iniu  the  arms  of  the  nurse,  and  wMlst  dw 
urging  her  mi'slress  to  inlic  a  more  cheerful  view,  dirccUneherattendontohla 
ing  appearance,  be  was  seixcd  with  a  cnnvulsinii-fii,  and  died  almost  iusianily.  _, 
alihongh  there  was  here  unquesiiotiably  a  predisnoidD^  cause,  of  vhlch  ifaaia  H 
evidence  in  the  other  cate^,  it  can  scarce]]'  be  doubled  Ibat  the  eidiing  eau' 
the  fatal  disorder  U  to  be  referred  to  the  mother's  anxiety.  This  case  ottU-.—^ 
valuable  suggestion.— which,  indeed,  would  be  afforded  by  other  cAnniderniioDV— 
that  an  Infnol,  under  Mich  circumsiances,  should  not  be  nursed  by  lis  inolber,  but 
by  another  woman  of  placid  icmperament,  who  had  reared  bealihy  children  of  b«t 
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CHAPTER    VIII. 


ON   DIGESTION  AND   ABSORPTION. 


430*  Thb  introduction  of  alimentary  matter  into  the  system  is  accom- 
plished in  Animals  by  the  reception  of  the  food  into  an  internal  cavity, 
where  it  is  subjected  to  a  preparatory  process,  to  which  nothing  analogous 
exists  in  Plants,  and  which  is  termed  Digestiop.  This  process  may  be 
said  to  have  three  different  purposes  in  view; — the  reduction  of  the  ali- 
mentary matter  to  a  fluid  form,  so  as  to  become  capable  of  absorption;— 
the  separation  of  that  portion  of  it  which  is  fit  to  be  assimilated,  or  con* 
verted  into  organized  texture,  from  that  which  cannot  serve  this  purpose, 
and  which  is  at  once  rejected; — and  the  alteration  of  the  chemical  con- 
stitation  of  the  former,  which  prepares  it  for  the  important  changes  which 
it  is  subsequently  to  undergo.  The  simplest  conditions  requisite  for  the 
accomplisbment  of  these  purposes  are  the  following;— a  fiuid  capable  of 
performing  the  solution,  and  efiecting  the  required  chemical  changes;—- 
a  fluid  capable  of  separating  the  unorganizable  matter,  by  a  process  ana- 
logous to  chemical  precipitation; — and  a  cavity  or  sac,  in  which  these 
operations  may  be  performed.  In  the  lowest  Animals  we  find  this  cavity 
formed  on  a  very  simple  plan,  being  evidently  nothing  else  than  an  inver- 
sion of  the  external  integument,  communicating  with  the  exterior  by  one 
orifice  only,  through  which  the  food  is  drawn  in,  and  the  excrementitious 
matter  rejected.  The  fluid  necessary  to  dissolve  the  food,  which  is  known 
by  the  name  of  the  gastric  fluid  or  juice,  and  that  required  to  separate  the 
portion  which  is  to  be  thrown  off,  which  is  known  as  the  bile,  are  secreted 
in  the  walls  of  the  stomach.  In  the  Sea-Anemone,  which  afifords  a  very 
characteristic  example  of  this  type  of  structure,  it  cannot  be  ascertained 
that  the  very  rapid  solution  of  ix)od  which  takes  place  in  the  digestive 
cavity  is  assisted  by  any  movement  of  its  walls.  In  Polypes  of  a  higher 
conformation,  however,  the  digestive  cavity  is  provided  with  a  second  ori- 
fice; the  stomach  opens  into  an  intestinal  tube,  through  which  the  excre- 
ment is  rejected  in  little  pellets;  and  the  food,  before  entering  the  true 
digestive  cavity,  is  submitted  to  a  powerful  gizzard  or  triturating  apparatus. 
Still  the  bile,  like  the  gastric  juice,  is  secreted  in  the  walls  of  the  stomach, 
as  may  be  distinctly  perceived  in  many  of  these  animals,  on  account  of 
their  transparency,  and  the  bright  yellow  colour  of  the  fluid.  As  we 
ascend  the  animal  series  we  find  no  essential  change  in  the  character  of  the 
digestive  apparatus.  The  biliary  follicles  are  gradually  collected  into  a 
^ndular  mass,  which  is  altogether  removed  from  the  walls  of  the  stomach, 
and  which  pours  its  secretion  into  the  intestinal  tube,  at  a  short  distance 
from  its  commencement;  the  gastric  juice,  however,  is  still  secreted  in 
minute  sacs  imbedded  in  the  substance  of  the  membrane;  the  form  and 
arrangement  of  these  will  be  hereafter  described  (Chap.  xii.).  Several 
accessory  glands  are  added,  the  uses  of  which  are  not  accurately  known; 
and  particular  modifications  of  the  apparatus  are  adapted  to  peculiarities  in 
the  natnre  of  the  food,  or  in  the  mode  of  its  ingestion.  As  a  general  rule  it 
may  be  stated  that  the  digestive  apparatus  is  most  simple  in  carnivorous 
animals,  in  which  it  has  to  effect  little  change  upon  the  aliment,  except 
40 
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solution,  in  order  to  bring  it  to  the  state  fit  for  absorption;  whilst  it  is  most 
complex  in  those  that  feed  upon  vegetable  matter,  which  needs  to  undergo 
a  greater  change,  both  in  its  chemical  composition  and  in  the  mechanical 
arrangement  of  its  components,  before  it  can  be  rendered  subservient  to 
animal  nutrition. 

431.  From  the  structure  of  the  whole  digestive  apparatus  of  Man,  and 
especially  from  the  conformation  of  his  teeth,  there  can  be  no  doubt  that  he 
was  intended,  like  the  animals  to  which  he  bears  the  strongest  zoological 
resemblance,  to  be  omnivorous, — that  is,  to  obtain  sustenance  from  almost 
any  kind  of  organized  matter.  Experience  teaches  that  this  is  the  case, — 
an  exclusively  animal  and  an  exclusively  vegetable  diet  being  found,  under 
the  circumstances  best  adapted  for  each,  to  be  equally  conducive  to  the 
maintenance  of  health.  The  former  succeeds  best  in  cold  climates,  the 
latter  in  warm.  The  nearly  universal  tendency  of  mankind,  however,  to 
prefer  a  mixed  diet,  appears  to  indicate,  that  it  was  this  to  which  Man  was 
destined  by  his  Creator;  and  it  is  quite  certain  that  the  most  perfect  phy- 
sical development,  and  the  greatest  intellectual  vigour,  are  to  be  found 
amongst  those  races  in  which  this  diet  is  the  prevalent  habit.  A  certain 
mixture  of  the  proximate  principles  of  which  the  body  is  composed,  is 
indeed  essential  to  health;  thus  it  has  been  ascertained  by  experiment  that 
neither  sugar  nor  gum,  which  are  the  principles  that  constitute  itie  pabuium 
of  vegetables,  nor  albumen  nor  gelatin,  which  hold  a  corresponding  rank  in 
the  animal  economy,  are  by  themselves  capable  of  supporting  health  for 
any  long  time  together;  and  an  animal  fed  with  either  of  the  two  former 
substances,  which  contain  no  azote,  is  certain  to  perish,  if  the  experiment 
be  sufHciently  prolonged.  A  very  small  amount,  however,  of  the  principle 
termed  osmazome  (which  is  that  on  which  the  flavour  of  meat  depends) 
appears  to  render  gelatin  capable  of  supporting  health  for  an  unlimited  ' 
period.  We  see,  therefore,  that  the  bodily  constitution  requires  a  certain 
admixture  of  different  kinds  of  aliment;  and  it  has  been  well  remarked  by 
Dr.  Front  that  the  tiiiVA*,  which  is  the  earliest  food  destined  by  Nature  for 
the  young  Mammiferous  animal,  may  be  taken  as  a  type  of  the  combination 
which  is  best  adapted  to  its  subsequent  wants.  The  chief  substances  c<Hn- 
posing  this  fluid  belong  to  three  different  groups  of  stmninal  principiet; 
which,  under  some  form,  ought  to  be  combined  in  the  ordinary  diet  of  Man. 
These  are  the  saccharine^  the  ohaginous^  and  the  aibuminous.  The  mtc- 
chorine  group  of  principles  includes  nearly  all  those  furnished  by  the  Vege- 
table kingdom, — such  as  gum,  sugar,  starch,  &c.,  which  are  all  closely  allied 
to  sugar  in  their  chemical  composition,  consisting  of  carbon  in  union  with 
the  elements  of  water.  The  oiea^nous  principles  are  furnished  both  by 
vegetables  and  animals;  there  is  a  great  similarity  of  aspect  amongst  all  of 
them;  and  they  closely  agree  in  chemical  composition,  being  composed  of 
olefiant  gas  and  the  elements  of  water,  or  of  some  analosrous  combination. 
The  albtiminous  principles  are  furnished  solely  by  animals,  and  contain  t 
large  proportion  of  azote.  This  group  includes,  along  with  albumen  which 
may  be  regarded  as  most  characteristic  of  it«  gelatin  and  fibrin;  the  former 
of  which  may  be  considered  as  in  some  respects  intermediate  between  albn- 
men  and  the  saccharine  group;  whilst  the  latter  is  more  highly  animalized 
than  either.  All  these  staminal  principles  are  susceptible  of  transformatioi 
into  new  principles,  according  to  certain  laws,  of  which,  however*  o«r 
knowledge  is  as  yet  very  imperfect  ($  454). 

432.  The  first  step  in  the  process  of  reduction  is  the  mastication  of  th^ 
food,  and  the  impregnation  of  its  comminuted  particles  widi  the  salirar]^^ 
secretion.     Mastication  is  evidently  of  great  importance,  in  preparing  th^s 
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substances  to  be  afterwards  operated  on  for  the  action  of  their  solvent;  and 
it  exactly  corresponds  with  the  trituration  to  which  the  chemist  would  sub- 
mit any  solid  matter,  that  he  might  present  it  in  the  most  advantageous 
form  to  digestive  menstruum.  The  complete  disintegration  of  the  alimentary 
matter,  therefore,  is  of  great  consequence;  and,  if  imperfectly  effected,  the 
subsequent  processes  are  liable  to  derangement.  This  derangement  we 
continually  meet  with;  for  there  is  not,  perhaps,  a  more  frequent  source  of 
dyspepsia  (difficult  digestion),  than  imperfect  mastication,  whether  resulting 
from  the  haste  with  which  the  food  is  swallowed,  or  from  the  want  of  the 
proper  instruments.  The  disintegration  of  the  food  by  mechanical  reduc- 
tion is  manifestly  aided  by  insalivation;  it  is  doubtful,  however,  to  what 
degree  the  saliva  has  any  chemical  effect  upon  it.  It  has  been  ascertained 
that  this  fluid  has  the  power  of  converting  starch  into  sugar, — a  conversion 
which  does  take  place  in  the  stomach;  but  from  the  experiments  of  Berze- 
lius  and  Miiller,  it  does  not  appear  that  the  solution  of  other  alimentary 
substances  is  more  facilitated  by  the  impregnation  of  them  with  saliva,  than 
if  pure  water  only  had  been  employed.  The  chemical  nature  of  the  salivary 
secretion  will  be  described  at  the  same  time  with  the  structure  of  the  gland 
itself  (Chap,  xii.). 

433.  When  the  reduction  of  the  food  m  the  mouth  has  been  sufficiently 
accomplished*  it  is  carried  into  the  cBsophagus  by  the  action  of  deglutition. 
The  share  which  the  nervous  system  has  in  the  action  has  been  already 
stated  ($  191);  and  it  here  only  remains  to  define  more  precisely  the  dif- 
ferent movements  which  are  concerned  in  it.     These  were  first  described  in 
detail  by  Magendie;  but  his  account  requires  some  modification,  through  the 
more  recent  observations  of  Dzondi.*    The  first  stage  in  the  process  is  the 
carrying-back  of  the  food,  until  it  has  passed  the  anterior  palatine  arch,  by 
the  approximation  of  the  tongue  and  the  palate.     This  is  a  purely  voluntary 
movement.     In  the  second  stage,  the  tongue  is  carried  still  further  back- 
wards, and  the  larynx  is  drawn  forwards  under  its  root,  so  that  the  epiglot- 
tis is  pressed  down  over  the  rima  glottidis.     The  muscles  of  the  anterior 
palatine  arch  contract  after  the  morsel  has  passed  it,  and  assist  its  passage 
backwards;  these,  with  the  tongue,  cut  off  completely  the  communication 
between  the  fauces  and  the  mouth.     At  the  same  time,  the  muscles  of  the 
posterior  palatine  arch  contract  in  such  a  manner,  as  to  cause  the  sides  of 
the  arch  to  approach  each  other  like  a  pair  of  curtains;  so  that  the  passage 
from  the  fauces  into  the  posterior  nares  is  nearly  closed  by  them;  to  the 
deft  between  the  approximated  sides  the  uvula  is  applied  like  a  valve.     A 
sort  of  inclined  plane,  directed  obliquely  downwards  and  backwards,  is  thus 
formed;  and  the  morsel  slides  along  it  into  the  pharynx,  which  is  brought 
ip  to  receive  it.     Some  of  these  acts  may  be  performed  voluntarily;  but  the 
combination  of  the  whole  is  instinctive.     The  third  stage  of  the  process, — 
^  propulsion  of  the  food  down  the  (esophagus, — then  commences.    This 
is  accomplished  in  the  upper  part  by  means  of  the  constrictors  of  the  pha- 
^Dx;  and  in  the  lower  by  the  muscular  coat  of  the  oesophagus  itself.    When 
^  morsels  are  small,  and  are  mixed  with  much  fluid,  the  undulating  move- 
i^tt  from  above  downwards  succeed  each  other  very  rapidly;  this  may  be 
^ell  observed  in  horses  whilst  drinking;  large  morsels,  however,  are  fre- 
^^^ntly  some  time  in  making  tlieir  way  down.     Each  portion  of  food  and 
^nnk  is  included  in  the  contractile  walls,  which  are  closely  applied  to  it 
Coring  the  whole  of  its  transit.     The  gurgling  sound  which  is  observed 
*ten  drink  is  poured  down  the  throat  of  a  person  in  articulo  mortis^  is 

♦  Mailer's  Physiology,  p.  501. 
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due  to  the  want  of  this  contraction.  The  whole  of  the  third  stage  is  com- 
pletely involuntary. — The  usual  peristaltic  movements  of  the  (esophagus 
are  reversed  in  vomiting;  and  this  reversion  has  been  observed,  even  after 
the  separation  of  the  stomach  from  the  oesophagus,  as  a  consequence  of  the 
injection  of  tartarized  antimony  into  the  veins.  At  the  point  where  the 
CBsophagus  enters  the  stomach, — the  cardiac  orifice  of  the  latter, — there  is 
a  sort  of  sphincter  which  is  usually  closed.  This  opens  when  there  is  a 
sufficient  pressure  on  it,  made  by  accumulated  food;  and  afterwards  closes, 
80  as  to  retain  the  food  in  the  stomach.  The  opening  of  the  cardia  is  one 
of  the  first  acts  which  takes  place  in  vomiting.  When  the  sphincter  is 
paralyzed  by  division  of  the  pneumogastric  nerve,  the  food  regurgitates  into 
the  oesophagus. 

Action  of  the  Stomach. 

434.  A  remarkable  opportunity  of  ascertaining  the  condition  of  the  Stomach 
during  digestion,  has  lately  presented  itself,  in  a  case  in  which  a  large  fistu- 
lous aperture  remained  after  a  wound  that  laid  open  the  cavity,  but  in  which 
the  general  health  has  been  completely  recovered,  so  that  the  process  may 
be  considered  as  normally  performed.*     **  The  inner  coat  of  the  stomach, 
in  its  natural  and  healthy  state,  is  of  a  light  or  pale  pink  colour,  varying  in 
its  hues,  according  to  its  full  or  empty  state.     It  is  of  a  soft  or  velvet-like 
appearance,  and  is  constantly  covered  with  a  very  thin,  transparent,  viscid 
mucus,  lining  the  whole  interior  of  the  organ.     By  applying  aliment  or 
other  irritants,  to  the  internal  coat  of  the  stomach,  and  observing  the  effect 
through  a  magnifying  glass,  innumerable  lucid  points,  and  ver}'  fine  nervous 
or  vascular  papillae,  can  be  seen  arising  from  the  villous  membrane,  and 
protruding  through  the  mucous  coat,  from  which  distils  a  pure,  limpid, 
colourless,  slightly  viscid  fluid.     The  fluid  thus  excited  is  invariably  dis- 
tinctly acid.     The  mucus  of  the  stomach  is  less  fluid,  more  viscid  or  albu- 
minous, semi-opaque,  sometimes  a  little  saltish,  and  does  not  possess  the 
slightest  character  of  acidity.     The  gastric  fluid  never  appears  to  be  accu- 
mulated in  the  cavity  of  the  stomach  while  fasting;  and  is  seldom,  if  ever, 
discharged  from  its  proper  secerning  vessels,  except  when  excited  by  the 
natural  stimulus  of  the  aliment,  mechanical  irritation  of  tubes,  or  other  exci- 
tants.    When  aliment  is  received,  the  juice  is  given  out  in  exact  proportion 
to  its  requirements  for  solution,  except  when  more  food  has  been  taken 
than  is  necessary  for  the  wants  of  the  system."     That  the  quantity  of  the 
gastric  juice  secreted  from  the  walls  of  the  stomach  depends  rather  upon  the 
general  requirements  of  the  system,  than  upon  the  quantity  of  food  intro- 
duced into  the  digestive  cavity,  is  a  principle  of  the  highest  practical  impor- 
tance, and  cannot  be  too  steadily  kept  in  view  in  dietetics.     A  definite  pro^ 
portion  only  of  aliment  can  be  perfectly  digested  in  a  givei\  quantity  of  the 
fluid;  the  action  of  which,  like  that  of  other  chemical  operations,  ceases  af\er 
having  been  exercised  on  a  fixed  and  definite  amount  of  matter.     **  When 
the  juice  has  become  saturated,  it  refuses  to  dissolve  more;  and,  if  an  excess 
of  food  has  been  taken,  the  residue  remains  in  the  stomach,  or  passes  into 
the  bowels  in  a  crude  state,  and  becomes  a  source  of  nervous  irritation,  pain« 
and  disease,  for  a  long  time.'*     The  unfavourable  effect  upon  the  stomach 
itself  of  an  undue  burthen  of  food,  interferes  with  its  healthy  action;  and 
thus  the  quantity  really  appropriate  is  not  dissolved.     The  febrile  disturb- 

♦  See  the  case  of  Alexis  St.  Martin,  with  the  observations  and  experiments  of  Dr. 
Beaumont,  republished  in  this  country  by  Dr.  A.  Combe. 
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ance  is  thus  increased;  and  the  mucous  membrane  of  the  stomach  exhibits 
evident  indications  of  its  morbid  condition.  The  description  of  these  in- 
dications given  by  Dr.  Beaumont  is  peculiarly  graphic  as  well  as  hygieni- 
cally  important. 

435.  **  In  disease,  or  partial  derangement  of  the  healthy  function,  the 
mucous  membrane  presents  various  and  essentially  different  appearances. 
In  febrile  conditions  of  the  system,  occasioned  by  whatever  cause, — ob- 
structed perspiration,  undue  excitement  by  stimulating  liquors,  overloading 
the  stomach  with  food,  fear,  anger,  or  whatever  depresses  or  disturbs  the 
nervous  system, — the  villous  coat  becomes  sometimes  red  and  dry,  at  other 
times  pale  and  moist,  and  loses  its  smooth  and  healthy  appearance;  the 
secretions  become  vitiated,  greatly  diminished,  or  even  suppressed;  the 
coat  of  mucus  scarcely  perceptible,  the  follicles  flat  and  flaccid,  with  secre- 
tions insufficient  to  prevent  the  papillae  from  irritation.  There  are  some- 
times found,  on  the  internal  coat  of  the  stomach,  eruptions  of  deep-red 
pimples,  not  numerous,  but  distributed  here  and  there  upon  the  villous 
membrane,  rising  above  the  surface  of  the  mucous  coat.  These  are  at  first 
sharp-pointed,  and  red,  but  frequently  become  filled  with  white  purulent 
matter.  At  other  times,  irregular,  circumscribed  red  patches,  varying  in 
size  and  extent  from  half  an  inch  to  an  inch  and  a  half  in  circumference, 
are  found  on  the  internal  coat.  These  appear  to  be  the  effects  of  conges- 
tion in  the  minute  blood-vessels  of  the  stomach.  There  are  also  seen  at 
times  small  aphthous  crusts,  in  connection  with  these  red  patches.  Abra- 
sion of  the  lining  membrane,  like  the  rolling  up  of  the  mucus  coat  into 
small  shreds  or  strings,  leaving  the  papillae  bare  for  an  indefinite  space,  is 
not  an  uncommon  appearance.  These  diseased  appearances,  when  very 
slight,  do  not  always  affect  essentially  the  gastric  apparatus.  When  con- 
siderable, and  particularly  when  there  are  corresponding  symptoms  of  dis- 
ease,-*as  dryness  of  the  mouth,  thirst,  accelerated  pulse,  &c. — no  gastric 
jtdce  can  be  extracted  by  the  alimentary  stimulus.  Drinks  are  imme- 
diately absorbed  or  otherwise  disposed  of;  but  food  taken  in  this  condition 
of  the  stomach  remains  undigested  for  twenty-four  or  forty-eight  hours,  or 
more,  increasing  the  derangement  of  the  alimentary  canal,  and'  aggravating 
tlie  general  symptoms  of  disease.  After  excessive  eating  or  drinking, 
ehymification  is  retarded;  and,  though  the  appetite  be  not  always  impaired 
at  first,  the  fiuids  become  acrid  and  sharp,  excoriating  the  edges  of  the 
aperture,  and  almost  invariably  producing  aphthous  patches  and  the  other 
indications  of  a  diseased  state  of  the  internal  membrane.  Vitiated  bile  is 
also  found  in  the  stomach  under  these  circumstances,  and  fiocculi  of  mucus 
are  more  abundant  than  in  health.  Whenever  this  morbid  condition  of  the 
stomach  occurs,  with  the  usual  accompanying  symptoms  of  disease,  there 
is  generally  a  corresponding  appearance  of  the  tongue.  When  a  healthy 
state  of  the  stomach  is  restored,  the  tongue  invariably  becomes  clean."* 

♦  Dr.  A.  Combe's  commentary  on  the  above  passage  is  too  apposite  to  be  omitted. 
'•Many  persons  who  obviously  live  loo  freely,  protest  against  the  fact,  because  they 
feel  no  inlmediate  inconvenience,  either  from  the  quaniiiy  of  food,  or  the  stimulants 
in  which  ihey  habitually  indulge;  or,  in  other  words,  because  they  experience  no 
pain,  sickness,  or  headache, — nothing,  perhaps,  except  slight  fulness  and  oppression, 
which  soon  go  off.  Observation  extended  over  a  sufficient  length  of  time,  however, 
shows  that  the  conclusion  drawn  is  entirely  fallacious,  and  that  the  real  amount  of 
injury  is  not  felt  at  the  moment,  merely  because,  for  a  wise  purpose,  nature  has  de- 
prived ns  of  any  consciousness  of  either  the  existence  or  the  stale  of  the  stomach 
during  health.  In  accordance  with  this.  Dr.  Beaumont's  experiments  prove,  that 
extensive  eryihematic  inflammation  of  the  mucous  coat  of  the  stomach  was  of  fre- 
qaent  occurrence  in  St.  Martin  aAer  excesses  in  eating,  and  especially  in  drinking, 


I 
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436.  In  regard  to  the  cause  of  the  sense  of  Hunger,  many  difiercnt 
theories  have  been  propounded,  of  which  none  can  be  admitted  as  entirely- 
satisfactory;  and  the  question  must  yet  be  considered  as  requiring  eluci- 
dation. The  following  positions,  however,  may  be  considered  as  well  as- 
certained.— The  sense  of  Hunger,  although  referred  to  the  stomach,  is 
governed  by  the  condition  of  the  system  at  large;  being  increased,  when  the 
demand  for  nutrition  is  greater  than  that  which  the  blood  can  supply;  and 
being  diminished,  when  such  an  addition  is  made  to  the  nutritive  ingre- 
dients contained  in  the  latter,  as  renders  it  adequate  for  this  purpose,  even 
though  this  addition  be  not  made  through  the  introduction  of  food  in  the 
usual  manner.  It  is,  however,  immediately  dependent  on  some  condition 
of  the  stomach  itself;  for  it  is  abated,  if  not  arrested,  by  section  of  the  eighth 
pair  of  nerves  (§  109);  and  it  may  be  temporarily  alleviated  by  the  intro- 
duction into  its  cavity  of  matter  which  is  not  alimentary,  but  which  causes 
pressure  on  its  walls,  and  probably  a  flow  of  gastric  juice.  It  may  subside 
instantaneously  under  the  influence  of  mental  emotion,  or  of  other  strong 
impressions  on  the  nervous  system. — It  is  easy  to  prove  that  many  of  the 
causes  which  have  been  assigned  for  it,  are  but  little  or  not  at  all  concerned 
in  the  production  of  the  sensation.  Thus,  mere  emptiness  of  the  stomach 
does  not  produce  it;  since,  if  the  previous  meal  have  been  sufficient,  the  food 
passes  from  its  cavity  some  time  before  a  renewal  of  hunger  is  felt.  It  can- 
not be  due  to  the  action  of  the  gastric  fluid  upon  the  coats  of  the  stomach 
themselves;  since  this  fluid  is  not  poured  into  the  stomach,  except  when  the 
production  of  it  is  stimulated  by  the  irritation  of  its  secreting  follicles.  By 
Dr.  Beaumont  it  is  thought  that  the  distension  of  these  follicles  by  the  se- 
creted fluid  is  the  proximate  cause  of  hunger;  but  there  is  no  more  reason  to 
believe  that  the  secretion  of  gastric  fluid  is  accumulating  during  the  intervals 
when  it  is  not  required,  than  there  is  in  the  case  of  saliva,  the  lachrymal 
fluid,  or  any  other  secretions  which  are  occasionally  poured  oat  in  large 
quantities  under  the  influence  of  a  particular  stimulus;  and,  moreover,  it  is 
diflicult  to  imagine  how  mental  emotion,  or  any  impression  on  the  nervons 
system  alone,  can  relieve  such  distension. 

437.  It  may,  perhaps,  be  a  more  probable  supposition,  that  there  is  a 
certain  condition  of  the  capillary  circulation  in  the  stomach,  which  is  pre- 
paratory to  the  secretion,  and  which  is  excited  by  the  influence  of  the 
sympathetic  nerves,  that  communicate  (as  it  were)  the  wants  of  the  general 
system.  This  condition  may  be  easily  imagined  to  be  the  proximate  cause 
of  the  sensation  of  hunger,  by  acting  on  the  par  vagum.  When  food  is 
introduced  into  the  stomach,  the  act  of  secretion  is  directly  excited;  the 
capillary  vessels  are  gradually  unloaded;  and  the  immediate  cause  of  the 
impression  on  the  par  vagum  is  withdrawn.  By  the  conversion  of  the  ali- 
mentary matter  into  materials  fit  for  the  nutrition  of  the  system,  the  remote 
demand  is  also  satisfied;  and  thus  it  is  that  the  condition  of  the  stomach 
just  referred  to,  is  permanently  relieved  by  the  ingestion  of  substances  that 
can  serve  as  food.  But  if  the  ingested  matter  be  not  of  a  kind  capable  of 
solution  and  assimilation,  the  feeling  of  hunger  is  only  temporarily  relieved, 
and  soon  returns  in  greater  force  than  before.     The  theory  here  given 

even  when  no  marked  general  symptom  was  present  to  indicate  its  exi$tence.  Oc- 
casionally, febrile  heal,  nausea,  headache,  and  thirst  were  complained  of,  but  not 
alwnvs.  Had  Si.  Martin's  stomach,  and  its  inflamed  patches,  noi  been  visible  to  lb« 
eye,  oc  too  migiii  have  been  pleased  thai  his  tempoiary  excesses  did  him  no  harm; 
but,  when  they  presumed  themselves  in  such  legible  characters,  that  Dr.  Beaumont 
could  not  miss  seeing  them,  argument  and  supposition  were  at  an  end,  and  the  broad 
fact  could  not  be  denied." 
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seems  reconcilable  with  all  that  has  been  said  of  the  conditions  of  the  sense 
of  hunger;  and  particularly  with  what  is  known  of  the  influence  produced 
upon  it  by  nervous  impressions,  which  have  a  peculiar  influence  upon  the 
capillary  circulation.  It  also  corresponds  exactly  with  what  we  know  of 
the  influence  of  the  nervous  system  and  of  mental  impressions  upon  other 
secretions,  (§  426). 

438.  The  sense  of  Hunger,  like  other  sensations,  may  not  be  taken  cog- 
nizance of  by  the  mind,  if  its  attention  be  strongly  directed  towards  other 
objects;  of  this  fact  almost  every  one  engaged  in  active  occupations,  whe- 
ther mental  or  bodily,  is  occasionally  conscious.  The  nocturnal  student, 
who  takes  a  light  and  early  evening  meal,  and,  after  devoting  himself  to  his 
pursuits  for  several  hours  uninterruptedly,  retires  to  rest  with  a  wearied 
head  and  an  empty  stomach,  but  without  the  least  sensation  of  hunger,  is 
frequently  prevented  from  sleeping  by  an  indescribable  feeling  of  restless- 
ness and  deficiency;  and  the  introduction  of  a  small  quantity  of  food  into 
the  stomach  will  almost  instantaneously  allay  this,  and  procure  comfortable 
rest.  Many  persons,  again,  who  desire  to  take  active  exercise  before 
breakfast,  are  prevented  from  doing  so  by  the  lassitude  and  even  faintness 
which  it  induces, — the  bodily  exercise  increasing  the  demand  for  food, 
whilst  it  draws  off  the  attention  from  the  sensation  of  hunger.  The  Author 
may  be  excused  for  mentioning  the  following  circumstance  which  some 
years  ago  occurred  to  himself,  and  which  seems  to  him  a  good  illustration 
of  the  principle,  that  the  sense  of  hunger  originates  in  the  condition  of  the 
general  system,  and  that  its  manifestation  through  a  peculiar  action  in  the 
stomach,  is  to  be  regarded  as  a  secondary  phenomenon,  adapted,  under 
ordinary  circumstances,  to  arouse  the  mind  to  the  actions  necessary  for  the 
supply  of  the  physical  wants.  He  was  walking  alone  through  a  beautiful 
country,  and  with  much  to  occupy  his  mind;  and,  having  expected  to  meet 
with  some  opportunity  of  obtaining  refreshment  on  his  road,  he  had  taken 
no  food  since  his  breakfast.  This  expectation,  however,  was  not  fulfilled; 
bat,  as  he  felt  no  hunger,  he  thought  little  of  the  disappointment.  It  was 
evening  before  he  approached  the  place  of  his  destination,  after  having 
walked  about  twenty  miles,  resting  frequently  by  the  way;  and  he  then 
began  to  feel  a  peculiar  lassitude,  different  from  ordinary  fatigue,  which 
rapidly  increased,  so  that  during  the  last  mile  he  could  scarcely  support 
himself.  "The  stimulus  of  necessity,"  however,  kept  him  up;  but  on 
airriving  at  his  temporary  home,  he  immediately  fainted.  It  is  obvious  that, 
in  this  case,  the  occupation  of  the  mind  on  the  objects  around,  and  on  its 
own  thoughts,  had  prevented  the  usual  warning  of  hunger  from  being  per- 
ceived; and  the  effect  which  succeeded  was  exactly  what  was  to  be  antici- 
pated, from  the  exhaustion  of  the  supply  of  food  occasioned  by  the  active 
and  prolonged  exertion. 

439.  The  conditions  of  the  sense  of  Thirst  appear  to  be  very  analogous 
to  those  of  hunger.  This  sense  is  not  referred,  however,  to  the  stomach, 
hut  to  the  fauces.  It  is  generally  considered  that  it  immediately  results 
from  an  impression  on  the  nerves  of  the  stomach;  since,  if  liquids  are 
introduced  into  the  stomach  through  an  oesophagus  tube,  they  are  just  as 
effectual  in  allaying  thirst,  as  if  they  are  swallowed  in  the  ordinary  manner. 
I^may,  however,  be  doubted  whether  the  sense  of  thirst  is  not  even  more 
iQtmedietely  connected  with  the  state  of  the  general  system  than  that  of 
nonger;  for  the  immediate  relief  afforded  by  the  introduction  of  fluid  into 
we  stomach  is  fully  accounted  for,  by  the  instantaneous  absorption  of  the 
to  into  the  veins,  which  is  known  to  take  place,  when  there  is  a  demand 
^or  it,  not  only  from  Dr.  Beaumont's  observations,  but  from  many  experi- 
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ments  made  with  reference  to  this  particular  question.  This  demand  is  in- 
creased with  almost  equal  rapidity  by  any  excess  in  the  amount  of  the  fluid 
excretions;  and  it  may  be  satisfied  without  the  introduction  of  water  into 
the  stomach*  (§  461).  Thirst  may  also  be  produced,  however,  by  the  im- 
pression made  by  peculiar  kinds  of  food  or  drink  upon  the  walls  of  the 
alimentary  canal;  thus  salted  or  highly-spiced  meat,  fermented  liquors  when 
too  little  diluted,  and  other  similarly  irritating  agents,  excite  thirst;  the  pur- 
pose of  which  is  obviously  to  cause  ingestion  of  fluid  by  which  they  may 
be  diluted. 

440.  The  food  which  is  propelled  along  the  oesophagus,  enters   the 
stomach  through  its  cardiac  oriflce,  in  successive  waves;  and  it  is  imme- 
diately subjected  to  a  peculiar  peristaltic  movement,  which  has  for  its 
object  to  produce  the  thorough  intermixture  of  the  gastric  fluid  with  the 
alimentary  mass,  and  also  to  aid  the  solution  of  the  latter  by  the  gentle 
trituration  to  which  it  is  thus  subjected.     The  muscular  fasciculi  composing 
the  human  stomach  are  so  disposed  as  to  shorten  its  diameter  in  every 
direction;  and  by  the  alternate  contraction  and  relaxation  of  these  bands, 
a  great  variety  of  motions  is  induced  in  this  organ,  sometimes  transversely, 
and  at  other  times  longitudinally.     *'  These  motions,"  Dr.  Beaumont  re- 
marks, *'  not  only  produce  a  constant  disturbance  or  churning  of  the  con- 
tents of  the  stomach,  but  they  compel  them,  at  the  same  time,  to  revolve 
about  the  interior  from  point  to  point,  and  from  one  extremity  to  the  other." 
In  addition  to  these  movements,  there  is  a  constant  agitation  of  the  stomach, 
produced  by  the  respiratory  muscles.     The  motions  of  the  stomach  itself 
are  not  performed  on  any  very  exact  plan,  and  are  much  influenced  by  the 
character  of  the  ingesta,  the  state  of  the  general  system,  and  by  other  cir- 
cumstances.    The  following  is  the  ordinary  course,  however,  of  the  revo- 
lutions of  the  food.     **  After  passing  the  (esophageal  ring,  it  moves  from 
right  to  left,  along  the  small  arch;  thence,  through  the  large  curvature,  from 
left  to  right.     The  bolus,  as  it  enters  the  cardia,  turns  to  the  led,  passes  the 
aperture,!  descends  into  the  splenic  extremity,  and  follows  the  great  curva- 
ture towards  the  pyloric  end.     It  then  returns,  in  the  course  of  the  smaller 
curvature,  makes  its  appearance  again  at  the  aperture  in  its  descent  into 
the  great  curvature,  to  perform  similar  revolutions.     These  revolutions  are 
completed  in  from  one  to  three  minutes.     They  are  probably  induced  in  a 
great  measure,  by  the  circular  or  transverse  muscles  of  the  stomach.    They 
are  slower  at  first  than  after  chymification  has  considerably  advanced,"  at 
which  time  also  there  is  an  increased  impulse  towards  the  pylorus.     It  is 
probable  that,  from  the  very  commencement  of  chymification,  until  the 
organ  becomes  empty,  portions  of  chyme  are  continually  passing  into  the 
duodenum;  for  the  bulk  of  the  alimentary  mass  progressively  diminishes, 
and  this  the  more  rapidly  as  the  process  is  nearer  its  completion. 

441.  The  accelerated  expulsion  appears  to  be  eflected  by  a  peculiar  ac- 
tion of  the  transverse  muscles,  and  especially  of  that  portion  of  them  which 
surrounds  the  stomach  at  about  four  inches  from  its  pyloric  extremity. 
This  band  is  so  forcibly  contracted  in  the  latter  part  of  the  digestive  pro- 
cess, that  it  almost  separates  the  two  portions  of  the  stomach,  into  a  sort  of 
hour-glass  form;  and  Dr.  B.  states  that,  when  he  attempted  to  introduce  a 
long  thermometer  tube  into  the  pyloric  portion  of  the  stomach,  the  bolb 
was  at  first  gently  resisted,  then  allowed  to  pass,  and  then  grasped  by  the 

♦  This  was  among  the  remarkable  results  of  the  injection  of  fluid  into  the  veins,  in 
the  Asiatic  Cholera. 

t  The  fistuloas  orifice  in  St.  Martin's  stomach,  through  which  these  observatioiis 
were  made. 


ACTION  OF  THE  INTESTINAL  TUBS.  321 

nmsctilar  parietes  beyond,  so  as  to  be  drawn  in;  whence  it  is  evident  that 
the  contraction  has  for  its  object  to  resist  the  passage  of  solid  bodies  into 
the  pyloric  extremity  of  the  stomach,  at  this  stage  of  digestion,  whilst  the 
matter  which  has  been  reduced  to  the  fluid  form  is  pumped  away  (as  it 
were)  by  the  action  of  that  portion  of  the  viscus.  These  peculiar  motions 
continue  until  the  stomach  is  perfectly  empty,  and  not  a  particle  of  food  or 
chyme  remains.  Of  the  degree  in  which  they  are  dependent  upon  the  in« 
fluence  of  the  nervous  system,  some  idea  has  been  already  given  (§  235); 
there  is  yet  much  to  be  learned,  however,  especially  in  regard  to  the  degree 
in  which  the  movements  may  be  checked  or  altered  by  impressions  trans- 
mitted through  the  nervous  system.  It  is  stated  by  Brachet  that,  in  some 
of  his  experiments  upon  the  par  vagum,  some  hours  afler  section  of  the 
nerve  on  both  sides,  the  surface  only  of  the  alimentary  mass  was  found  to 
have  undergone  solution,  the  remainder  of  the  mass  remaining  in  the  con- 
dition in  which  it  was  first  ingested;  and  if  this  statement  can  be  relied  on, 
it  would  appear  that  the  movements  of  the  stomach,  like  those  of  the  heart, 
can  be  readily  aflected  by  a  strong  nervous  impression.  It  may  be  partly 
in  this  manner,  therefore,  and  not  by  acting  upon  the  secretions  alone,  that 
strong  emotions  influence  the  process,  as  they  are  well  known  to  do.  On 
the  other  hand,  the  moderate  excitement  of  pleasurable  emotions  may  be 
favourable  to  the  operation,  not  only  by  giving  firmness  and  regularity  to 
the  action  of  the  heart,  and  thence  promoting  the  circulation  of  the  blood 
and  the  increase  of  the  gastric  secretion,  but  iJso  in  imparting  firmness  and 
regularity  to  the  muscular  contractions  of  the  stomach. 

Action  of  the  Intestinal  Tube. 

4A2.  The  pulpy  substance  to  which  the  aliment  is  reduced,  by  the  me- 
chanical reduction  and  chemical  solution  it  has  undergone  in  the  mouth  and 
stomach,  is  termed  chyme.    The  consistency  of  this  will  of  course  vary  in 
some  degree  with  the  quantity  of  fluid  ingested;  in  general  it  is  greyish, 
semifluid,  and  homogeneous;  and  possesses  a  slightly  acid  taste,  but  is 
otherwise  insipid.     Dr.  Beaumont  describes  it  as  varying  in  its  aspect, 
from  that  of  cream,  which  it  presents  when  the  food  has  been  of  a  rich 
character,  to  that  of  gruel,  which  it  possesses  when  the  diet  has  been  fari- 
naceous.    The  passage  of  the  chyme  through  the  pyloric  orifice  is  at  first 
slow;  but  when  the  digestive  process  is  nearly  completed,  it  is  transmitted 
in  much  larger  quantities.     From  the  time  that  the  ingested  matter  enters 
the  intestinal  canal,  it  is  propelled  by  the  simple  peristaltic  action  of  its 
muscular  coat,  which  is  directly  excited  by  the  contact  either  of  this  matter, 
or  of  the  secretions  which  are  mingled  with  it;*  and  all  that  is  not  absorbed 
is  thus  conducted  to  the  rectum,  its  expulsion  from  which  is  due  to  an 
^on  of  a  strictly  reflex  kind,  excited  through  the  nervous  centres  (§  202). 
During  its  progress  through  the  intestinal  tube,  the  product  of  the  gastric 
operation  undergoes  very  important  changes.     The  chyme  is  mingled  in 
the  duodenum  with  the  biliary  and  pancreatic  secretions,  which  effect  an 
immediate  alteration  both  in  its  sensible  and  chemical  properties.     The 
miture  of  this  alteration  can  be  best  estimated,  by  mingling  bile  with  chyme 
nmoTed  from  the  body.     This  has  been  done  by  several  experimenters  on 
^0  lower  animals;  and  by  Dr.  Beaumont  in  the  case  already  referred  to, 

*  The  bile  seems  to  have  an  important  share  in  producing  this  effect;  since,  when 
the  dactns  choledochus  is  tied,  constipation  always  occurs.    The  action  of  mercury 
***  purgative  appears  to  take  place  through  the  increase  of  the  hepatic  and  other 
secretiona  which  it  induces. 
41 
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which  afforded  him  the  means  o(  obiaining  nol  only  chyme,  but  bile 
pancrealic  fluid.  The  effect  of  this  admixture  was  to  separate  the  ch; 
into  three  distinct  parts, — a  reddish  browa  sediment  at  the  bottom,- 
whey-coloured  fluid  iti  the  centre, — and  a  creamy  pellicle  at  ihe  top. 
centra]  portion  is  probably  that  which  is  absorbed  as  chyle;  the  set 
partly  consisting  of  the  insoluble  portion  of  the  food,  and  partly  of 
biliary  matter  itself,  is  evidently  exctemenlitious;  the  creamy  or  oily  por- 
tion is  probably  taken  up  by  the  lacteal  a,  and  appears  as  fatly  matter  in 
the  fluid  drawn  from  them.  It  la  nol  unlil  the  food  has  passed  the  orifice 
of  the  ductus  choledochua,  ihattlie  process  of  nulriiive  absorption  begii 
(he  lacteala  not  being  disiribuled  upon  the  stomach  or  ihe  higher  pari  of 
duodenum. 

443.  By  the  gradual  withdrawal  of  their  fluid  portion,  the  contents  of 
alimentary  canal  are  convened  into  a  mass  of  greater  consistence;  and  this, 
BS  it  advances  through  the  small  intestines,  assumes  more  and  more  of  a 
fiBcal  character,  A  part  of  the  fteces,  however,  may  be  derived  from  the 
secretions  of  the  enieritic  mucous  membrane  ilaelf;  but  there  is  no  diatii 
evidence  that  these  consist,  in  the  ordinary  state,  of  any  thing  else 
mucus;  aince  the  substances  found  on  the  inner  surface  of  the  ' 
animals  that  have  been  long  kept  fasting,  bear  evident  traces  of  intermii 
with  the  biliary  and  pancreatic  secretions.  There  can  be  no  di 
ever,  that  a  large  quantity  of  fluid  is  poured  out  by  the  follicles  of  the  enie- 
ritic raucous  memiirane,  when  they  are  in  a  state  of  irritation  from  disease, 
or  from  the  stimulus  of  a  purgative  medicine;  since  the  amount  of  water 
discharged  from  the  bowels  is  often  much  greater  than  that  which  has  been 
ingested,  and  must  be  derived  from  the  blood.  The  secretion  of  the  cfficum 
has  been  ascertained  la  be,  in  herbivorous  animals,  distinctly  acid  during 
digestion;  and  there  is  reason  to  believe  thai  ihe  food  tiiere  undergoes  a 
second  process  analogous  to  that  to  which  il  haa  been  submitted  in  ihe  sto- 
mach, and  filled  lo  extract  from  it  whatever  undiaaolved  aliraeniary  matter 
it  may  still  contain.  There  is  no  evidence,  however,  that  Ihia  is  the  esse 
in  Man,  whose  ctpcum  is  very  small  compared  to  that  of  moat  herbivona^ 
animals.  j^M 

Nature  of  Cbymificallon,  ^H 

444.  The  causes  of  the  reduction  of  the  food  in  the  stomach  hsve  long 
been  a  fruitful  source  of  discussion  amongsi  physiologists;  and  various  hy- 
potheses have  been  devised  to  account  for  il.     Some  have  compared  te 
stomach  of  Man  lo  the  gizzard  of  a  fowl,  and  have  supposed  thai  the  ItH 
ration  of  the  food  between  its  walls  was  the  essential  element  in  the  pro 
but  ihis  doctrine  is  completely  incompalible  with  the  fact,  that  digei 
eubslances  inclosed  in  metallic  balls  with  perforations  in  their  aides  u«  ^ 
dissolved  by  the  power  of  the  gastric  fluid,  though  ihe  walls  of  the  m 
do  nol  come  in  contact  with  iliem.     Others,  again,  have  imagined  that  d 
process  of  digestion  is  one  of  ptilref action;  but  this  idea,  putting  ssidvfl 
inherent  ahsurdily,  is  proved  to  be  incorrect  by  the  fact,  Ibal  Ae  gr-* 
juice  has  a  decidedly  antiseptic  quality.     Others,  in  despair  of  oblai 
any  other  solution,  have  attributed  ihe  operation  lo  the  direct  agency  of  4 
vil(d  principle;  forgetting  that,  us  long  as  the  aliment  remains  within  f 
stomach  and  intestinal  canal,  it  can  no  more  be  llie  subject  of  any  peeulJM 
vital  process,  than  if  it  were  in  contact  with  ihe  skin,  of  which  the  mucd 
membrane  is  but  an  internal  reflection.     The  theory  of  chemical  ioltai# 
which  was  at  first  regarded  by  many  as  quiie  nnlenable,  has  been  of  li 
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years  so  much  strengthened  by  new  facts  and  arguments,  that  there  now 
appears  no  valid  reason  for  withholding  our  assent  from  it;  even  though  it 
cannot  yet  give  a  complete  explanation  of  the  complex  phenomena  in  ques- 
tion. The  chief  opposition  to  this  theory  has  arisen  from  the  difficulty  of 
imagining,  that  any  simply  chemical  solvent  should  have  the  power  of 
acting  on  so  great  a  variety  of  substances,  and  of  reducing  them  to  a  state 
80  homogeneous.  This  difficulty,  however,  seems  now,  in  a  great  degree, 
removed,  by  the  discovery  of  the  close  chemical  relation  that  subsists  be- 
tween the  various  substances  of  each  of  the  groups  already  enumerated 
($  431);  which  renders  it  easy  to  conceive,  that  the  changes  involved  in 
their  reduction  may  be  of  a  very  simple  character. 

445.  The  first  series  of  facts  which  will  be  here  adduced,  as  throwing 
light  on  the  process  of  chymification,  is  that  which  has  been  obtained  by 
the  experiments  of  Dr.  Beaumont  upon  the  individual  already  alluded  to. 
(^  434).  By  introducing  a  tube  of  India-rubber  into  the  empty  stomach, 
he  was  able  to  obtain  a  supply  of  gastric  juice  whenever  he  desired  it;  for 
the  tube  served  the  purpose  of  stimulating  the  follicles  to  pour  forth  their 
secretion,  and  at  the  same  time  conveyed  it  away.  This  fluid,  of  which 
the  existence  has  been  denied  by  some  physiologists,  is  not  very  unlike 
saliva  in  its  appearance;  it  is,  however,  distinctly  acid  to  the  taste;  and 
chemical  analysis  shows  that  it  contains  a  considerable  proportion  of  free 
muriatic  acid,  and  also  some  acetic  acid.  The  former  must  evidently  be 
derived  from  the  decomposition  of  the  muriate  of  soda  contained  in  the 
blood,  the  remote  source  of  which  is  the  salt  ingested  with  the  food.  The 
latter  is  an  organic  compound,  probably  formed  at  the  expense  of  some  of 
the  saccharine  matter  of  the  previous  aliment.  Of  equal  importance  with 
the  free  acids,  is  an  animal  matter,  soluble  in  cold  water,  but  insoluble  in 
hot,  bearing  considerable  resemblance  to  albumen.  Of  this  more  will  be 
said  hereafter.  Besides  these  principal  ingredients,  the  gastric  fluid  con- 
tains muriates  and  phosphates  of  potass,  soda,  magnesia,  and  lime.  It 
possesses  the  power  of  coagulating  albumen  in  an  eminent  degree;  it  is 
powerfully  antiseptic,  checking  the  putrefaction  of  meat;  and  it  is  eflectu- 
ally  restorative  of  healthy  action,  when  applied  to  old  fcBtid  sores  and  foul 
ulcerating  surfaces.  It  may  be  kept  for  many  months,  if  excluded  from 
the  air,  without  becoming  foetid. 

446.  The  gastric  juice  obtained  from  the  stomach,  was  found  by  Dr, 
Beaumont  to  possess  the  power  of  dissolving  various  kinds  of  alimentary 
substances,  when  these  were  submitted  to  its  action  at  a  constant  tempera- 
ture of  100°  (which  is  about  that  of  the  stomach),  and  were  frequently  agi- 
tated.    The  solution  appeared  to  be  in  all  respects  as  perfect  as  that  which 
naturally  takes  place  in  the  stomach;  but  required  a  longer  time.     This  is 
Teadily  accounted  for  when  we  remember,  Uiat  no  ordinary  agitation  can 
produce  the  same  effect  with  the  curious  movements  of  the  stomach;  and 
that  the  continual  removal,  from  its  cavity,  of  the  matter  which  has  been 
already  dissolved,  must  aid  the  operation  of  the  solvent  on  the  remainder. 
The  following  is  one  out  of  many  experiments  detailed  by  Dr.  Beaumont. 
"At  Hi  o'clock,  A.  H.,  after  having  kept  the  lad  fasting  for  17  hours,  I 
introduced  a  gum-elastic  tube,  and  drew  ofl*  one  ounce  of  pure  gastric  liquor, 
unmixed  with  any  other  matter,  except  a  small  proportion  of  mucus,  into  a 
three-ounce  vial.     I  then  took  a  solid  piece  of  boiled  recently-salted  beef, 
weighing  three  drachms,  and  put  it  into  the  liquor  in  the  vial;  corked  the  vial 
tight,  and  placed  it  in  a  saucepan  filled  with  water,  raised  to  the  temperature 
of  100°,  and  kept  at  that  point  on  a  nicely  regulated  sand-bath.     In  forty 
minutes,  digestion  had  distinctly  commenced  over  the  surface  of  the  meat. 
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\n  fifty  miimlasy  the  fluid  had  become  quite  opaqae  and  cloudy;  the  external 
texture  began  to  separate  and  become  loose.    In  sixty  minutes,  chyme 
began  to  form.    At  1  o'clock,  p.  m.,  (digestion  having  progressed  with  the 
same  regularity  as  in  the  last  half-hour),  the  cellular  texture  seemed  to  be 
entirely  destroyed,  leaving  the  muscular  fibres  loose  and  unconnected,  float- 
ing about  in  fine  small  shreds,  very  tender  and  soft.    At  3  o'clock,  the  mus- 
cular fibres  had  diminished  one-half,  since  the  last  examination.     At  5 
o'clock,  they  were  nearly  all  digested;  a  few  fibres  only  remaining.     At  7 
o'clock,  the  muscular  texture  was  completely  broken  down,  and  only  a  few 
of  the  small  fibres  could  be  seen  floating  in  the  fluid.    At  9  o'clock,  every 
part  of  the  meat  was  completely  digested.     The  gastric  juice,  when  taken 
from  the  stomach,  was  as  clear  and  transparent  as  water.    The  mixture  in 
the  vial  was  now  about  the  colour  of  whey.     After  standing  at  rest  a  few 
minutes,  a  fine  sediment  of  the  colour  of  the  meat,  subsided  to  the  bottom  of 
the  vial.    A  piece  of  beef,  exactly  similar  to  that  placed  in  the  vial,  was 
introduced  into  the  stomach,  through  the  aperture,  at  the  same  time.     At  12 
o'clock  it  was  withdrawn,  and  found  to  be  as  little  afl*ected  by  digestion  as 
that  in  the  vial;  there  was  little  or  no  diflerence  in  their  appearance .     It 
was  returned  to  the  stomach;  and,  on  the  string  being  drawn  out  at  1  o'clock, 
P.  M.,  the  meat  was  found  to  be  all  completely  digested  and  gone.     The 
eflect  of  the  gastric  juice  on  the  piece  of  meat  suspended  in  the  stomach, 
was  exactly  similar  to  that  in  the  vial,  only  more  rapid  after  the  first  half- 
hour,  and  sooner  completed.    Digestion  commenced  on,  and  was  confined 
to,  the  surface  entirely  in  both  situations.     Agitation  accelerated  the  solution 
in  the  vial,  by  removing  the  coat  that  was  digested  on  the  surface,  envelop- 
ing the  remainder  of  the  meat  in  the  gastric  fluid,  and  giving  this  fluid  access 
to  the  undigested  portions."* 

447.  Many  variations  were  made  in  other  experiments,  some  of  which 
strikingly  displayed  the  effects  of  thorough  mastication  in  aiding  both  nata* 
ral  and  artificial  digestion.  The  following  table  exhibits  some  of  the  most 
interesting  results  of  these  experiments.  It  may  also  be  regarded  as  aflfoid- 
ing  some  approximation  to  the  relative  digestibility  of  difierent  kinds  of 
aliment;  but  a  more  accurate  series  of  experiments,  conducted  with  an  ex- 
press view  to  the  determination  of  the  quantity  of  albumen  formed  in  each 
case,  is  still  required  for  this  purpose.  The  proportion  of  gastric  juice  to 
aliment,  in  artificial  digestion,  was  generally  calculated  at  one  ounce  of  the 
former  to  one  drachm  of  the  latter.  In  several  of  the  experiments,  flie 
limited  extent  of  the  powers  of  the  solvent  was  very  evident;  its  character 
thus  corresponding  exactly  with  that  of  ordinary  chemical  agents. 
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In  Stomach 

InYialB 

Jirticles  of  Diet. 

Preparation 

H.       M. 

Preparation 

B.    a. 

Beef,  with  salt  only 

Beef-steak 

Beef,  fresh,  lean,  dry 

Beef,  old,  hard,  salted 

Boiled 
Broiled 
Roasted 
Boiled 

2.  45 

3.  0 

3.  30 

4.  15 

Boiled 

Masticated 

Roasted 

9.  Se 
8.   15 
7.   45 

•  Experiments  2  and  S,  of  First  Series. 
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Mutton,  fresh 
Ditto,    ditto 
Ditto,    ditto 
Lamb,  freab 
VeniaoD  steak. 
Pork,  receiit]7  salted 
Ditto,       ditto 
Ditto,       ditto 
Pork,  fat  and  lean 
Pig,  ncking 
Teal,  freah 
Ditto,  ditto 
Lirer,  beefa,  fresh 
Heart,  anirnid 
Braioa,  animal 
Pig's  feet,  soased 
Tripe,  Kined 
Kgg9,  whipped 
Eggs,  fresh 
Ditto,  ditto 
Ditto,  ditto 
DiUo,  ditto 
Ditto,  ditto 
Tu^e7,  wild 
TNarkey^,  domeatto 
Ooose,  wild 
Docks ,  domestic 
Fowls,  domestic 
Ditto,    ditto 
Docks,  wild 
Trooi.  salmon,  fresh 
Cod-fiah,  cured,  dry 
Salmon,  ealted 
O^alen,  freah 
Ditto,    ditto 
Sago, 
Tapioca 

CaUiage,  widi  vinegar 
Ditto,  ditto 

Beans 

Parsnips 

Potatoes 

Bcead,  wbeat,  fresh 

Pouioes 

Chicken-Bonp 

Boap,  beef,  vegetables,  7 
loj  bread  5 

0«latine 

Milk 

^^heese,  old,  strong 

Bwt,  motion,  boilet 


boiled 


BroUed 

a. 

0 

Boiled 

3. 

0 

Roasted 

3. 

15 

Broiled 

2. 

30 

Broiled 

1. 

36 

Saw 

3. 

0 

Fried 

4. 

15 

Boiled 

4. 

30 

Roasted 

6. 

16 

Roasted 

2. 

30 

Broiled 

4. 

0 

Fried 

4. 

SO 

Broiled 

2. 

0 

Fried 

4. 

0 

Boiled 

1. 

46 

1. 

0 

Boiled 

I. 

0 

Raw 

I. 

30 

Raw 

2. 

0 

Soft  boiled 

3. 

0 

Hard  boiled 

8. 

30 

Roasted 

2. 

16 

Fried 

3. 

30 

Roasted 

2. 

18 

Roasted 

8. 

30 

Roasted 

2. 

30 

Roasted 

4. 

0 

Boiled 

4. 

0 

Roasted 

4. 

0 

Roasted 

4. 

80 

Boiled 

1. 

30 

Boiled 

2. 

0 

Boiled 

4. 

0 

Raw 

2. 

65 

Stewed 

3. 

30 

Boiled 

1. 

45 

Boiled 

2. 

0 

Raw 

2. 

0 

Boiled 

4. 

30 

Boiled 

a. 

30 

Boiled 

a. 

30 

Roasted 

a. 

30 

Baked 

3. 

30 

Boiled 

3. 

30 

Boiled 

S. 

0 

Boiled 

4. 

0 

Boiled 

2. 

30 

Boiled 

2. 

0 

Raw 

3. 

80 

Boiled 

4. 

30 

Raw 

Haalioated 


Cut  fine 
Entire  piece 


Whipped 
Raw 

Soft  boiled 
Hard  boiled 


Boiled 

Boiled 

Boiled 

Raw,  entire 

Stewed 

Boiled 

Boiled 

Shaved 

Boiled 

Mashed 

Masticated 
Mashed 


Boiled 
Boiled 
Masticated 
Divided 


8.  30 
e.   30 


336  ON  DIOKSTtON  AMD  ABSORPTION. 

448,  That  ihe  fore^oiDg  table  can  only  be  regarded  as  approximative, 
shown  by  llie  fact  sabstautiated  by  Dr.  Beaumont,  that  the  rapidily 
digeetion  varies  greatly  according  lo  the  quantity  eaten,  the 
amount  of  the  previous  exercise:,  the  interval  since  the  preceding  meal,  the 
state  of  health  and  of  the  weather,  and  the  condillon  of  the  mind.  In 
scarcely  any  of  the  experiments  have  these  circumstances  been  carefully 
noted;  and,  as  Dr.  B.  himself  remarks,  "  the  only  way  of  ensuring  minute- 
ness and  accuracy  as  lo  the  relative  digestibility  of  differenl  kinds  of  diet, 
would  be  to  try  llie  efiecl  of  the  gastric  juice,  in  a  series  of  experiments, 
first  on  one  article  of  diet,  and  then  on  another,  repeating  aud  adapting 
them  to  meet  all  (he  various  conditions  of  the  stomach,  and  the  vicissi- 
tudes and  irregularities  of  the  system,  until  the  whole  range  should  be  com- 
pleted,— a  Herculean  task,  which  it  would  take  years  lo  accomplish." 
Some  important  inferences,  however,  may  be  drawn  from  the  foregoing 
results.  It  seems  lo  be  a  general  rule,  that  the  flesh  of  wild  animals  is 
more  easy  of  digestion  than  that  of  the  domesticated  races  which  approach 
ihem  most  nearly.  This  may,  perhaps,  be  partly  attributed  to  the  small 
quantity  of  fatly  raatlcr  that  is  mixed  up  with  the  flesh  of  the  former,  whilst 
that  of  the  latter  is  largely  pervaded  by  it.  For  it  appears  from  Dr.  B.'s 
experiments,  thai  the  presence  in  the  stomach  of  any  substance  which  is 
difficult  of  digestion,  interferes  with  the  solution  of  fond  that  would  olhei^ 
wise  soon  be  reduced.  It  seems  that,  on  the  whole.  Beef  is  more  speedily 
reduced  than  Mutton,  and  Mutton  sooner  than  either  Veal  or  Pork.  Fowls 
are  far  from  possessing  the  digestibility  that  is  ordinarily  imputed  lo  them; 
but  Turkey  is,  of  all  kinds  of  flesh  except  Venison,  the  most  soluble.  Dr. 
B.  has  also  ascertained  thai  moderate  exerdse  facilitates  digestion,  though 
severe  and  fatiguing  exercise  retards  it.  If  the  exercise  be  taken  imme- 
diately  after  a/uK  meal,  however,  it  is  probably  rather  injurious  than  bene- 
ficial; but  if  an  hour  be  permitted  lo  elapse,  or  if  ihe  quantity  of  food  taken 
have  been  small,  it  is  of  decided  bcneSi, 

449.  The  presence  of  bile  in  the  stomach  has  been  regarded  by 

Ehysiologists  as  an  ordinary  occurrence  during  digesiion;  but  according  to 
Ir.  B.  this  is  not  the  case,  except  in  morbid  conditions  of  the  organ, 
after  a  long  perseverance  in  the  use  of  fai  or  oily  food.  It  is  not  impossil 
that  llie  conversion  of  such  food  may  be  aided  by  the  bile,  the  free  aU 
of  which  will  have  a  chemical  operation  upon  it.  Dr.  A.  Combe 
whether  the  circumstance  of  the  peculiar  digesiibiliiy  of  a  piete  of  fat  bi 
in  certain  forms  of  dyspepsia,  may  not  be  accounted  for  by  ilie  presencA; 
bile  in  the  stomach  in  this  condition.  Dr.  B.'s  experimenis  furlhei  ' 
that  bulk  is  as  necessary  for  healthy  digesiion,  as  tlie  presence  of  ihi 
ent  principle  itself.  This  fad  has  been  long  known  by  experience 
uncivilized  nations.  The  Kamschaidales,  for  example,  are  in  the  habit 
nixing  earth  or  saw-dusi  with  the  train-oil,  on  which  alone  they  are  f! 
quently  reduced  lo  live.  The  Veddahs  or  wild  huniers  of  Ceylon,  on 
same  principle,  mingle  the  pounded  fibres  of  soft  and  decayed  wood 
the  honey  on  which  they  feed  when  meal  is  not  to  be  had;  and  on 
Ihem  being  asked  the  reason  of  the  practice,  he  replied. "  I  cannot  tell 
but  I  know  ihat  the  belly  must  be  filled."  It  is  further  shown  by  ih. 
that  soups  and  fluid  diet  are  not  more  readily  chymified  than  solid  " 
and  are  not  alone  fit  for  the  support  of  llie  system;  and  this,  also 
forraable  lo  ihe  well-known  resulls  of  experience;  for  a  dyspeptic  pkl 
will  frequentiy  reject  chicken-broth,  when  he  can  reiaiii  solid  food  i 
richer  soup.  Perhaps,  as  Dr.  k..  Combe  remarks,  the  lilUe  support  gail 
from  fluid  diet  is  due  to  the  rapid  absorption  of  the  watery  part  of  ii,  bo  ' 
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the  really  nutritious  portion  is  left  in  too  sof^  and  concentrated  a  state  to 
excite  the  healthy  action  of  the  stoniach. 

450.  From  the  foregoing  statements  we  may  conclude,  that  the  process 
by  which  the  food  is  dissolved  in  the  gastric  fluid  is  of  a  purely  chemical 
nature,  since  it  takes  place  out  of  the  living  body  as  well  as  in  it, — allow- 
ance being  made  for  the  difference  in  its  physical  condition.  That  the 
natural  process  of  digestion  is  imitated,  when  the  food  is  submitted  to  the 
action  of  the  gastric  juice  in  a  vial,  not  only  in  regard  to  the  disintegra- 
tion of  its  particles,  but  as  to  the  change  of  character  which  they  are  made 
to  undergo,  is  proved  by  the  fact,  that  the  artificial  chyme  thus  formed 
exhibits  the  same  changes  as  the  real  chyme,  when  submitted  to  the  action 
of  the  bile  ($442).  The  process  of  digestion,  however,  may  be  freely  con- 
ceded to  be  vital,  in  so  far  as  it  is  dependent  upon  the  agency  of  a  secreted 
product,  which  vitality  alone  (so  far  at  least  as  we  at  present  know)  can 
elaborate;  and  all  for  which  it  is  here  contended  is,  that,  when  this  product 
is  once  formed,  it  has  an  agency*  upon  the  alimentary  matter,  which,  though 
not  yet  fully  understood,  is  conformable  in  all  that  is  known  of  its  opera- 
tion, to  the  ordinary  laws  of  chemistry.  Thus,  digestion  is  conformable  to 
chemical  solution,— ^r«^  in  the  assistance  which  both  derive  from  the 
minute  division  of  the  solids  submitted  to  it; — secondly,  in  the  assistance 
which  both  derive  from  the  successive  addition  of  small  portions  of  the 
comminuted  solid  to  the  solvent  fluid,  and  from  the  thorough  intermixture 
of  the  two  by  continual  agitation; — thirdly,  in  the  limitation  of  the  quantity 
of  food  on  which  a  given  amount  of  gastric  juice  can  operate,  which  is 
precisely  the  case  with  chemical  solvents;— /our/ A/y,  in  the  assistance 
which  both  derive  from  an  elevation  of  temperature,* — the  beneficial  influ- 
ence of  heat  being  only  limited,  in  the  case  of  digestion,  by  its  tendency  to 
produce  decomposition  of  the  gastric  fluid;— ^/A/y,  in  the  different  action 
of  the  same  solvent  upon  the  various  solids  submitted  to  it. 

451.  We  have  now  to  inquire  what  information  has  been  obtained,  with 
regard  to  the  chemical  nature  of  the  organic  principle,  which  performs  so 
important  a  part  in  the  digestive  process.    It  may  be  considered  a  well- 
established  fact,  that  diluted  acids  alone  have  no  power  of  chymifying  ali- 
mentary substances,  although  capable  of  partially  dissolving  some  of  them; 
but  that  their  presence  in  the  gastric  fluid  is  essential  to  its  effectual  action. 
Thus  Milller  states  that,  when  small  pieces  of  meat,  or  small  cubes  of  coagu- 
lated white  of  egg,  have  been  macerated  for  some  time  in  equal  quantities  of 
much-diluted  muriatic,  acetic,  tartaric,  and  oxalic  acids,  a  precipitate  or  tur- 
bidity may  be  produced  by  the  ordinary  re-agents;  but  that  the  masses  are 
Bot  perceptibly  changed,  the  cubes  of  coagulated  white  of  egg  preserving 
their  angles  and  edges  for  weeks.     Small  pieces  of  meat  were  also  placed 
in  a  solution  of  common  salt,  and  submitted  to  the  action  of  a  powerful  gal- 
vanic battery,  which  would  set  free  muriatic  acid,  without  the  change  being 
perceptibly  accelerated.     From  the  recent  experiments  of  Eberle  and 
Schwann,  however,  it  appears  that,  although  acids  alone  have  so  little 
power  of  digesting  food,  they  act  energetically  when  combined  with  mucus 

♦  The  influence  of  temperature  Is  remarkably  shown  in  some  of  Dr.  B.'s  experi- 
iDents.  He  found  that  the  gastric  juice  had  scarcely  any  inflaence  on  the  food  sub- 
Biitted  to  it,  when  the  bottle  was  exposed  to  the  cold  air,  instead  of  being  kept  at  a 
l^mpcrature  of  100°.  He  observed  on  one  occasion,  that  the  injection  of  a  single  gill 
of  water  at  50®  into  the  stomach,  sufficed  to  lower  its  temperature  upwards  of  30^ 
ind  that  iis  natural  heat  was  not  restored  for  more  than  half  an  hour.  Hence  the 
practice  of  eating  ice  afler  dinner,  or  even  of  drinking  largely  of  cold  fluids,  is  very 
Prnadicial  to  digestion. 
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of  the  stomach.*  The  following  is  an  outline  of  these  experiments.  The 
mucous  membrane  of  the  fourth  stomach  of  the  calf,  being  dissected  from 
the  other  coats,  and  washed  with  cold  water  until  it  no  longer  gives  evidence 
of  containing  a  free  acid,  is  macerated  in  water  acidulated  with  muriatic 
acid;  and  after  some  time,  the  liquor  being  filtered  is  found  to  have  the  pro- 
perty of  reducing  most  alimentary  substances,  submitted  to  its  action  at  a 
slightly-elevated  temperature,  even  though  the  membrane  have  been  pre- 
viously dried.  Pieces  of  meat  and  of  hard-boiled  egg  are  softened  within 
twelve  hours;  and  they  disappear  almost  entirely  afler  twelve  hours  more:  the 
fluid  acquires  a  peculiar  sourish  odour,  which  is  not,  however,  of  a  putres- 
cent character.  When  the  fluid  is  not  acidulated,  it  is  found  to  have  no 
more  solvent  power  than  simple  water  would  have.  It  has  been  ascertained 
by  the  experiments  of  Schwann,  that  the  proportion  of  free  acid  remains 
the  same  at  the  end  of  the  digestive  process  as  it  was  at  its  commencement, 
showing  that  it  does  not  enter  into  combination  with  the  substances  dis- 
solved; in  this  respect,  the  part  which  it  performs  in  digestion  corresponds 
with  its  agency  in  converting  starch  into  sugar;  during  which  none  of  the 
acid  disappears. 

452.  The  active  agent  in  the  process  appears  to  be  an  organic  compound, 
to  which  the  name  of  pepsin  has  been  given.     The  properties  of  this  have 
been  recently  investigated  by  Wasmann,  who  first  succeeded  in  obtaining  it 
in  an  isolated  state;!  his  observations  were  made  upon  the  mucous  mem- 
brane of  the  stomach  of  the  pig,  which  greatly  resembles  that  of  Man. 
When  this  membrane  is  digested  in  a  large  quantity  of  water  at  from  86^ 
to  95^,  many  other  matters  are  removed  from  it  besides  pepsin;  but  if  this 
water  be  removed,  and  the  digestion  be  continued  with  fresh  water  in  the 
cold,  very  little  but  pepsin  is  then  taken  up.     Pepsin  appears  to  be  but 
sparingly  soluble  in  water;  when  its  solution  is  evaporated  to  dryness,  there 
remains  a  brown,  greyish,  viscid  mass,  with  the  odour  of  glue,  and  having 
the  appearance  of  an  extract.     The  solution  of  this  in  water  is  turbid,  and 
still  possesses  a  portion  of  the  characteristic  power  of  pepsin,  but  greatly 
reduced.     When  strong  alcohol  is  added  to  a  fresh  solution  of  pepsin,  the 
latter  is  precipitated  in  white  flocks,  which  may  be  collected  on  a  filter,  and 
produce  a  grey  compact  mass  when  dried.     Pepsin  enters  into  chemical 
combination  with  many  acids,  forming  compounds  which  still  redden  litonif 
paper;  and  it  is  when  thus  united  with  acetic  and  muriatic  acids,  that  itf 
solvent  powers  are  the  greatest.     '*  In  regard  to  the  solvent  power  of  pepno 
for  coagulated  albumen,  it  was  observed  by  M.  Wasmann  that  a  liquid 
which  contains  17-10,000ths  of  acetate  of  pepsin,  and  6  drops  of  hydro* 
chloric  acid  per  ounce,  possesses  a  very  sensible  solvent  power,  so  that  it 
will  dissolve  a  thin  slice  of  coagulated  albumen  in  the  course  of  6  or  ^ 
hours'  digestion.  With  12  drops  of  hydrochloric  acid  per  ounce,  the  wbit0 
of  egg  is  dissolved  in  2  hours.     A  liquid  which  contains  ^  gr.  of  acetate  of 
pepsin,  and  to  which  hydrochloric  acid  and  white  of  egg  are  altematelf 
added,  so  long  as  the  latter  dissolves,  is  capable  of  dissolving  210  grains  of 
coagulated  white  of  egg  at  a  temperature  between  95^  and  104°.    It  wool' 
appear,  from  such  experiments,  that  the  hydrochloric  acid  is  the  true  solvent 
and  that  the  action  of  the  pepsin  is  limited  to  that  of  disposing  the  white  <^ 
egg  to  dissolve  in  hydrochloric  acid.     The  acid  when  alone  dissolves  whi^ 
of  egg  by  ebullition,  just  as  it  does  under  the  influence  of  pepsin;  frot^ 

♦  By  Eberle  it  was  stated  that  the  acidulated  mucus  of  any  membrane  is  an  cfr 
cieni  solvent;  but  this  has  been  found  by  MQller  and  Schwann  to  be  an  error,  ov\J 
the  mucus  of  the  stomach  possessing  this  property. 

t  Qraham's  Elements  ot^  Chemistry,  p.  1031. 
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which  it  follows  that  pepsin  replaces  the  effect  of  a  high  temperature  which 
is  not  possible  in  the  stomach.  The  same  acid  with  pepsin  dissolved  blood, 
fibrin,  meat  and  cheese;  while  the  isolated  acid  dissolved  only  an  insignifi- 
cant quantity  at  the  same  temperature;  but  when  raised  to  the  boiling  point, 
it  dissolved  nearly  as  much,  and  the  part  dissolved  appeared  to  be  of  the 
same  nature.  The  epidermis,  horn^  the  elastic  tissue  (such  as  the  fibrous 
membrane  of  arteries)  do  not  dissolve  in  a  dilute  acid  containing  pepsin. 
M .  IfVasmann  has  remarked  that  the  pepsin  of  the  stomach  of  the  pig  is 
entirely  destitute  of  the  power  to  coagulate  milk,  although  the  pepsin  of  the 
stomach  of  the  calf  possesses  it  in  a  very  high  degree;  from  which  he  is 
led  to  suppose,  that  the  power  of  the  latter  depends  upon  a  particular  modi- 
fication of  pepsin,  or  perhaps  upon  another  substance  accompanying  it, 
which  ceases  to  be  formed  when  the  young  animal  is  no  longer  nourished 
by  the  milk  of  its  mother.''*  Without  altogether  assenting  to  all  these  con- 
clusions, we  may  regard  them  as  suggesting  important  inquiries,  the  prose- 
cution of  which  will  almost  certainly  throw  much  light  on  the  nature  of  this 
important  function. 

453.  The  products  of  the  digestion  of  the  various  alimentary  substances, 
as  naturallly  existing  in  the  chyme,  have  not  yet  been  made  the  subject  of 
accurate  examination;  and,  until  they  have  been  thoroughly  investigated,  it 
would  be  premature  to  assert  that  the  products  of  artificial  digestion  are  in 
all  respects  similar  to  them.     Some  curious  facts  have  been  ascertained, 
however,  on  this  subject;  chiefiy  by  the  inquiries  of  Dr.  Prout.     The  albu- 
men which  is  at  first  formed  in  the  stomach  differs  from  the  principle  else- 
where known  under  that  name,  in  its  imperfect  coagulation,  when  acted  on 
either  by  acids  or  by  heat.    This  is  noticed  even  when  pure  albumen  has 
been  introduced  into  the  stomach;  for  it  is  first  coagulated,  and  then  dis- 
solved, so  as  to  present  the  same  characters  with  the  albumen  formed  from 
other  substances.     In  this  process,  it  appears  to  enter  into  chemical  combi- 
nation with  a  large  quantity  of  water.     *'  The  solid  and  tenacious  albumen 
is  thus  reduced  to  the  weakest  possible  state, — to  the  delicate  state  as  it  were 
of  infancy;  in  short,  to  a  state  precisely  analogous  to  that  of  the  weak  sugars 
and  other  organic  compounds,  as  compared  with  the  strong  and  perfect  vari- 
eties of  the  same  substances."!    It  has  been  further  ascertained  that,  if  the 
food  originally  contained  no  matter  of  the  albuminous  type,  no  albumen  is 
developed  in  the  stomach;  but  that,  immediately  on  the  entrance  of  the  semi- 
fluid mass  into  the  duodenum,  and  its  mixture  with  the  bile  and  pancreatic 
fluids,  albuminous  and  other  chylous  matters  become  distinctly  perceptible. 
At  the  same  time,  the  alkali  contained  in  the  fluid  of  the  stomach  is  neu- 
tralized by  the  free  acid  of  the  bile;  and  the  separation  takes  place  between  the 
alimentary  and  the  excrementitious  matter,  as  already  described  (§  442).    It 
would  seem  that,  by  the  time  the  nutritious  matter  is  absorbed  into  the 
laeteals,  the  albumen  formed  from  articles  of  food  belonging  to  the  same 
group  is  strengthened;  whilst  that  which  is  formed  from  substances  of  a 
different  character  still  remains  weak.     This,  at  least,  appears  the  direct 
inference  from  the  following  experiment  of  Dr.  Front's.     He  fed  a  dog  for 
•ome  time  exclusively  on  animal  matter,  and  another  on  vegetable  matter, 
and  then,  having  killed  them,  he  examined  the  chyle  of  each,  with  the  fol- 
lowing result. 

*  Graham,  op.  cit.,  p.  1033. 

i  Dr.  Prout's  Bridgewater  Treatise,  p.  503. 
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Fibrin 

Vegetable, 
0-6 

Animal 
0-8 

Incipient  Albumen 
Albumen     . 

4-6 
0-4 

4-7 
4-6 

Oil  and  Sugar      •        , 
Salts 

trace 
0-8 

trace 
0-7 

Water 

.       93-6 

89*2 

1000 


1000 


The  correspondence  in  the  in^dients  of  the  chyle  is  thus  seen  to  be  very 
close,  except  in  regard  to  the  amount  of  perfect  albumen,  which  is  very 
small  in  the  animal  whose  food  had  been  vegetable. 

"^54.  Our  knowledge  of  the  nature  of  the  digestive  process  has  lately 
received  another  important  addition  from  the  discovery,  that  the  chief  proxi- 
mate principles  of  the  Animal  tissues,  and  those  which  have  been  regarded 
as  most  nutritious  among  vegetables,  have  almost  identically  the  same  che- 
mical composition,  and  may  be  regarded  as  modifications  of  a  fundamental 
principle,  to  which  the  name  of  protein  has  been  given.  This  conformity 
will  appear  from  the  following  comparative  analyses,  lately  executed  in  the 
laboratory  of  Liebig. 


Fibrin. 


Carbon    . 
Nitrogen 
Hydrogen 
Oxygen   . 
Phosphorus 
Sulphur   • 


} 


54-56 

15-72 

6*90 

22*82 


Of  Egsrt. 

54-48 

15-70 

7-01 


Albumbn. 
^ 


Of  SeroiD. 
54-84 
15-83 
i'09 


100*00 


22-81 


10000 


22-24 


10000 


Oabbin. 


54*96 

15*80 

7-16 

22-09 


100-00 


The  proportion  of  carbon  in  all  these  substances  is  that  of  8  equivalents  of 
the  latter  to  1  of  the  former.  They  differ  slightly  in  the  minute  quantity 
of  phosphorus  and  sulphur  which  they  contain;  but  agree  in  many  other 
important  chemical  properties.  Thus,  they  all  dissolve,  with  the  aid  of 
heat,  in  concentrated  muriatic  acid;  and  the  solutions,  kept  for  a  time  at 
a  pretty  high  temperature,  first  assume  a  beautiful  lilac,  and  then  a  rich 
violet  blue  colour.  At  this  stage  of  the  decomposition,  each  of  the  three 
substances  reacts  in  the  same  way  with  carbonate  of  ammonia  and  other 
reagents.  The  parallel  Vegetable  principles  are  vegetable  fibrin  (a  consti- 
tuent of  gluten  first  properly  distinguished  by  Liebig),  gluten  itself,  vege- 
table albumen,  and  legumin;  this  last  is  termed  by  Liebig  vegetable  casein, 
from  its  holding  the  same  relation  to  vegetable  albumen  that  animal  casein 
does  to  animal  albumen.  The  following  is  the  elementary  composition  of 
these  substances: — 


VXOETABLE  FIBRIN. 

Gluten. 

Veo.  albumen. 

Lboumin. 

Carbon 54-60 

55-22 

5501 

5414 

Nitrogen     ....     16*81 

15-98 

15*92 

15-67 

Hydrogen   ....      7-30 

7-42 

7-23 

7-15 

Oxygen       ...     .1 

Phosphorus      .     .     .  122-28 

21-38 

21-84 

23-03 

Sulphur       ...     .J 
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Thus  it  appears  that  the  azotized  Vegetable  principles  may  be  converted 
into  those  organic  compounds  which  have  been  ordinarily  considered  as 
peculiar  to  Animals,  without  any  essential  change  in  their  chemical  com- 
position. 

455.  When  albumen  or  fibrin  is  dissolved  in  a  moderately-strong  solution 
of  caustic  potass,  and  is  heated  to  about  120°,  the  small  portions  of  phos- 
phorus and  sulphur  it  contains  are  separated  in  the  form  of  phosphate  of 
potass  and  sulphuret  of  potassium;  and  when  this  solution  is  saturated  with 
acetic  acid,  a  gelatinous  substance  is  precipitated,  which  is  the  same  in 
aspect  and  constitution  whether  obtained  from  fibrin  or  albumen.  To  this 
the  term  protein  has  been  given.  After  being  washed,  it  is  still  gelatinous, 
of  a  grayish  colour,  and  semi-transparent;  when  dried,  it  is  yellowish,  hard, 
easily  pulverized,  tasteless,  insoluble  in  water  and  alcohol;  and,  like  fibrin 
and  albumen,  it  is  not  fusible  by  heat  without  decomposition.  The  formula 
for  protein,  according  to  Mulder,  is,— 40  Carbon,  31  Hydrogen,  5  Nitro- 
gen, 12  Oxyeen.*  It  may  be  obtained  equally  well  from  the  globulin  of 
blood,  from  ue  casein  of  milk,  and  from  vegetable  albumen;  whence  it  is 
evident  that  these  substances  are  all  to  be  regarded  as  modifications  of  a 
common  principle.  The  nature  of  these  modifications  may  be  partly 
understood  from  the  fact,  that  protein  unites,  according  to  strictly  chemical 
principles,  with  many  inorganic  substances;  forming  new  compound  acids 
when  combining  with  acids;  and  acting  in  some  degree  as  an  acid,  when 
brought  into  relation  with  bases,  such  as  the  oxides  of  lead  and  silver,  of 
which  one  atom  combines  with  10  of  protein.  Viewed  as  chemical  com- 
pounds, fibrin  and  albumen  may  be  regarded  as  the  products  of  the  union 
with  protein  of  definite  proportions  of  sulphur  and  phosphorus.  The  fol- 
lowing are  their  formula,  according  to  Mulder. 

Fibrin,  and  the  albumen  of  eggs     .     10  Pro.  +  1  Sulph.  +  i  Phos. 
Albumen  of  serum 10  Pro.  +  2  Sulph.  + 1  Phos. 

456.  From  these  facts,  taken  in  combination  with  those  already  men- 
tioned, it  seems  scarcely  possible  to  resist  the  conclusion,  that  the  process 
of  digestion  (strictly  so  called)  is  one  of  a  purely  chemical  nature.     The 
conversion  of  the  azotized  animal  and  vegetable  substances  into  albumen, 
can  scarcely  be  viewed  in  any  other  light;  for  the  change  of  form  and  of 
external  characters  is  in  no  instance  so  great,  as  that  which  starch  and  gum 
undergo  during  their  conversion  into  sugar,  which  is  well  known  to  be  of 
%  strictly  chemical  nature.     The  albumen,  thus  formed,  is  dissolved  in  the 
water  that  has  been  ingested,  and  in  the  gastric  secretion;  and  becomes  one 
of  the  most  important  and  characteristic  ingredients  of  chyle.     The  non- 
izotized  vegetable  matters,  which  belong  to  the  class  of  saccharine  com- 
pounds, do  not  seem  to  be  so  readily  disposed  of.     That  they  are  partially 
(u  least)  converted  into  albumen,  appears  probable  from  the  fact,  that  ani- 
Qials  may  be  fed  upon  these  alone,  without  their  nutrition  being  impeded; 
tt  well  as  from  their  absence  or  their  very  small  proportion  in  the  chyle. 
How  this  conversion  is  effected  is  still  unexplained;  by  Dr.  Proutt  it  is 
(apposed  that  "  under  ordinary  circumstances,  the  azote  is  principally  fur- 
pithed  by  a  highly  azotized  substance  (organized  urea?)  secreted  from  the 
^lood,  either  into  the  stomach  or  duodenum,]:  or  into  both  these  localities; 

•  Liebig  takes  rather  a  different  view  of  its  composition,  which  is,  however,  equally 
Jjoformable  with  analytic  results.  His  formula  is, — 48  Carbon,  36  Hydrogen,  6 
^iirogen,  14  Oxygen. 

^  On  Stomach  and  Urinary  Diseases,  p.  xxviii.  note. 

^  May  this  be  the  function  of  the  glands  of  Brunner,  which  are  situated  in  the 
'•Qodenum  and  commenccmenl  of  the  jejunum  onlyl  w.  b.  c. 
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and  that  the  portion  of  the  blood  thus  deprived  of  its  azote  is  separated  from 
the  general  mass  of  blood  by  the  liver,  as  one  of  the  constituents  of  the  bile; 
which  secretion,  as  a  whole,  is  remarkably  deficient  in  azote/*  The  sac- 
charine principles,  however,  may  be  easily  converted  into  those  of  an 
oleaginous  character;  and  they  are,  perhaps,  the  chief  source  of  the  fatty 
matter  contained  in  the  chyle,  the  proportion  of  which  is  much  greater  than 
could  be  accounted  for  by  the  quantity  of  such  matter  that  is  usually  in- 
gested. The  oleaginous  compounds  forming  part  of  the  food  are  probably 
absorbed  as  such,  and  gradually  converted  into  other  principles.  It  is  justly 
remarked  by  Dr.  Prout,  that  we  know  that  such  conversion  may  take  place, 
from  the  circumstance  that  the  life  of  an  animal  may  be  prolonged  by  the 
appropriation  of  the  oleaginous  and  other  matters  contained  within  its  own 
body.— Here,  then,  we  quit  for  the  present  the  account  of  the  chemical 
changes,  which  form  part  of  the  process  of  assimilation.  The  alimentary 
matter,  once  introduced  into  the  vessels,  undergoes  a  series  of  most  import- 
ant alterations,  both  before  and  after  it  enters  the  circulating  system,  which 
altogether  constitute  the  function  of  Nutrition;  and  it  will  be  convenient  to 
describe  these  altogether  under  that  head. 

457.  A  general  review  of  the  facts  now  stated  will  lead  us  to  the  follow- 
ing conclusions.  1.  That,  by  the  operation  of  the  gastric  fluid,  the  azotized 
principles  of  the  food,  whether  animal  or  vegetable,  are  dissolved  in  the 
stomach,  and  are  converted  into  albumen.  2.  That  the  saccharine  prin- 
ciples undergo  a  further  change  in  the  duodenum,  by  which  they  are  partly 
converted  into  albumen,  and  partly  into  oleagmous  matter;  and  that  they 
are  absorbed  by  the  lacteals  of  the  intestines  in  one  of  these  two  states.  3. 
That  the  oleaginous  principles  are  either  converted  into  albumen,  or  are 
absorbed  without  alteration.  4.  That  (with  the  exception  of  certain  mineral 
substances)  matters  which  cannot  be  reduced  to  either  of  these  forms,  are 
rejected  as  excrementitious. 


Lacteal  and  Lymphatic  Absorption, 

458.  Although  there  can  be  no  doubt  that  the  Mucous  membrane  is 
capable  of  absorbing  by  its  whole  surface,  it  can  scarcely  be  questioned  that 
this  function  is  most  energetically  performed  by  the  villi  which  cover  it 
These  are  short  processes,  from  a  quarter  of  a  line  to  a  line  and  a  half  in 
length;  giving  to  the  membrane,  where  they  are  most  numerous,  a  fleecy 
appearance.  In  Man  they  are  commonly  cylindrical  or  nearly  so;  but  in 
many  of  the  lower  animals  they  are  spread  out  into  broader  laminae  at  their 
base,  and  are  connected  together  so  as  to  form  ridges  or  folds.  It  was 
formerly  believed  that  the  villi  were  not  supplied  with  blood-vessels.  So 
far  is  this  from  being  the  case,  however,  that  in  each  villus  there  is.  a  minute 
plexus  of  blood-vessels,  of  which  the  larger  branches  may  even  be  seen 
with  the  naked  eye,  when  they  are  distended  with  blood.  It  can  scarcely 
be  doubted  that  through  these  capillaries  takes  place  the  absorption  of  fluid 
from  the  intestines,  which  will  be  immediately  stated  to  convey  a  portion  of 
their  contents  directly  into  the  veins  (§  460).  The  intervals  between  the 
reticulations  of  the  blood*vessels  appear,  from  the  observations  of  Wagner, 
to  be  filled  up  with  vesicular  tissue,  forming  a  delicate  membrane.  The 
interior  of  the  villus  is  always  hollow;  but  the  size  and  form  of  the  cavity 
appear  to  vary  in  diflferent  parts.  According  to  Miiller,  the  cylindrical  villi, 
when  filled  with  chyle,  have  a  simple  cavity,  running  from  their  base  to 
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^lEev  Bpex:  and  this  cavity  c 

laclent  TeEsels,  being  capable  of  receiving  inieclion 
from  ihem.     In  the  broad  flat  villi,  however,  there  is 

r  a  Himple  cavity,  but  nn  irregular  net-work  of  vi 

».  The  accompanying  figure  represents  the  s 
pearance  oiTered  by  the  incipient  lacleals  in  the  v 
or  the  jejunum  of  a  young  man,  who  had  been  hung 

m  after  taking  a  full  meal  of  farinaceoua  food. 

le  lacteiil  ihat  issued  from  each  villosity  arose  by 
■eventl  Hinallcr  J^ranches,  in  some  of  which  free  ex- 
tremilies  could  be  traced,  whilst  others  anaslomoseil 
with  each  odier.     Whether  this,  or  the  simple  cavity 
described  by  MUlIer,  be  the  ordinary  commencement     ^ 
of  the  laclAals,  it  is  certain  that  they  never  open  by     ■ 
free  orifices  on  the  surface  of  ihe  intestine,  as  was 
fonaerly  imagined;  and  the  same  is  true  of  the  tymphal 
in  the  substance  of  the  various  tissues, 

469.  In  regard  to  the  degree  in  which  the  function  of  Nutritive  Absorp- 
Aoa  ia  performed  by  the  Lacieals  and  by  the  Venous  System  respectively, 
coruiderable  dilTercnce  of  opinion  has  prevailed.  When  the  Absorbent 
TOMeU  were  first  discovered,  and  their  functional  importance  perceived,  it 
ma  Imagined  thai  the  introduciion  of  alimentary  fluid  into  the  vascular 
•ysiem  took  place  by  ihrin  alone.  A  slight  knowledge  of  Comparative 
Aav-itny,  however,  might  have  sufGceU  to  correct  tliis  error;  since  no 
beUala  exist  in  Ihe  Invertebrate  animals,  the  function  of  Absorption  being 
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performed  by  the  mesenteric  veins  alone;  from  which  it  is  evident  that  the 
veins  possess  the  power  of  absorption:  and  it  is  scarcely  to  be  supposed 
that  they  should  not  exercise  this  power  in  Vertebrate  animals  also,  since 
Iheir  disposition  on  the  walls  of  the  intestinal  cavity  is  evidently  favourable 
to  it.  On  the  other  hand,  the  introduction  of  a  new  and  distinct  system  of 
vessels  would  seem  to  indicate  that  they  must  have  some  special  purpose; 
and  there  can  be  no  doubt  that  the  absorption  of  nutritive  matter  is  that  for 
which  they  are  peculiarly  designed.  The  fluid  found  in  the  lacteals  is 
almost  invariably  the  same;  being  that  to  which  the  name  chyle  has  been 
applied,  and  which  may  be  regarded  as  imperfectly-elaborated  blood.  It 
appears  from  the  uniformity  of  its  composition,  which  forms  a  striking 
contrast  with  the  diversity  of  the  food  from  which  it  is  obtained,  that  the 
lacteals  have  in  some  degree  the  power  of  selecting  the  particles  of  which 
it  is  composed;  and  that,  whilst  they  take  up  such  a  proportion  of  each 
class  of  alimentary  materials,  as  wUl  rightly  blend  with  the  rest  in  the 
nutritious  fluid,  they  reject  not  only  the  remainder,  but  also  (for  the  most 
part  at  least)  any  other  ingredients  which  may  be  contained  in  the  fluid  of 
the  intestines.  Such  may  be  stated  as  the  general  result  of  the  experiments 
that  have  been  made  to  determine  their  function;  though  it  is  unquestion- 
able that  extraneous  substances,  especially  of  a  saline  nature,  occasionally 
find  their  way  into  this  system  of  vessels.  This  may  not  improbably  be 
due  to  a  correspondence  in  the  size  and  form  of  the  ultimate  particles 
of  such  substances,  with  those  of  the  materials  normally  absorbed  by  the 
lacteals.* 

460.  On  the  other  hand,  the  veins  are  less  concerned  in  nutritive  ab- 
sorption, but  take  up  from  the  alimentary  canal  a  portion  of  almost  any  fluid 
matters  which  it  may  contain.  This  seems  to  have  been  established  by 
the  carefully-conducted  experiments  of  MM.  Tiedemann  and  Gmelin,  who 
mingled  with  the  food  of  animals  various  substances,  which,  by  their  colour, 
odour,  or  chemical  properties,  might  be  easily  detected  in  the  fluids  of  the 
body.  After  some  time  the  animal  was  examined;  and  the  result  was,  that 
unequivocal  traces  of  the  substances  were  not  unfrequently  detected  in  the 
venous  blood  and  in  the  urine;  whilst  it  was  only  in  a  very  few  instances 
that  any  indication  of  them  could  be  discovered  in  the  chyle.  The  colour- 
ing matters  employed  were  various  vegetable  substances;  such  as  gamboge, 
madder,  and  rhubarb;  the  odorous  substances  were  camphor,  musk,  assa- 
fc0tida,  &c.;  while,  in  other  cases,  various  saline  bodies,  such  as  muriate 
of  barytes,  acetate  of  lead  and  of  mercury,  and  some  of  the  prussiates, 
which  might  be  easily  detected  by  chemical  tests,  were* mixed  with  the 
food.  The  colouring  matters,  for  the  most  part,  were  carried  out  of  the 
system,  without  being  received  either  into  the  veins  or  lacteals;  the  odorous 
substances  were  generally  detected  in  the  venous  blood  and  in  the  urine, 
but  not  in  the  chyle;  whilst  of  the  saline  substances  many  were  found  in  the 
blood  and  in  the  urine,  and  a  very  few  only  in  the  chyle.  A  similar  con- 
clusion might  be  drawn  from  the  numerous  instances,  in  which  various 
substances  introduced  into  the  intestines  have  been  detected  in  the  blood 
although  the  thoracic  duct  had  been  tied;  but  these  results  are  less  satis- 
factory, because  even  if  there  is  no  direct  communication  (as  maintained  by 

•  Experiments  upon  the  function  of  Absorption  in  Plants,  whose  radical  vessels 
have  a  corresponding  power  of  selectionj  appear  likely  to  assist  in  elucidating  this 
inleresiing  subject.  By  the  experiments  of  Dr.  Daubeny  it  has  been  ascertained,  that 
if  a  plant  absorb  any  particular  saline  compound,  it  can  also  be  made  to  absorb  those 
which  are  isomorphous  with  it,  though  it  will  reject  most  others.— See  Princ.  ofQtn, 
and  Comp.  Phy.  §  294. 
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many)  between  the  lacteals  and  the  veins  in  the  mesenteric  glands,  the  par- 
titions which  separate  their  respective  contents  are  evidently  so  thin,  that 
transudation  may  readily  take  place  through  them.  The  whole  question 
may  be  regarded  as  one  which  remains  open  to  further  elucidation. 

[In  the  embryo,  as  will  be  hereafter  shown,  the  absorption  of  the  nutritious 
fluid  by  cells  may  be  regarded  as  the  preliminary  to  its  introduction  into 
the  vessels.  The  same  may  be  said  of  the  adult;  for,  as  Mr.  Goodsir  has 
recently  shown,*  there  is  a  continual  development  of  cells  at  the  extremity 
of  each  villus,  during  the  period  when  the  lacteals  are  absorbing  chyle. 
These  cells  appear  to  be  the  agents  by  which  the  aeleclion  of  the  nutritious 
fluid  is  accomplished,  and  by  which  it  undergoes  its  first  preparation  for  the 
purposes  it  is  subsequently  to  fulfil.  It  is  true  that  the  veins  also  are  con- 
cerned in  absorption;  but  this  is  not  a  selective  absorption,  for  they  take  up 
any  thing  that  is  sufficiently  soluble  in  the  fluid  they  imbibe;  and  this  imbi- 
bition has  been  shown  to  be  almost  certainly  of  a  simply  physical  character. 
On  the  other  hand,  the  lacteals  clearly  possess  the  power  of  taking  up  from 
the  fluid  in  the  digestive  cavity  those  portions  which  can  be  rendered  sub- 
servient to  the  nutrition  of  the  system,  and  (for  the  most  part  at  least)  of 
rejecting  every  thing  else.  This  has  always  appeared  a  wonderful  power 
for  absorbent  vessels  to  accomplish,  but  when  the  operation  has  been  shown 
to  be  really  eflfected  by  cells,  it  is  seen  to  be  exactly  parallel  to  that  which 
cells  perform  in  those  organisms  where  nothing  else  than  cellular  structure 
exists. 

The  following  is  Mr.  Goodsir's  account  of  the  process.  Whilst  the  pro- 
cess of  digestion  is  going  on  there  is  an  increased  determination  of  blood  to 
the  macous  membrane  of  the  intestinal  canal,  and  **  the  minute  vesicles 
which  are  dispersed  among  the  terminal  loops  of  the  lacteals  of  the  villus 
increased  in  size  by  drawing  materials  from  the  liquor  sanguinis,  through 
the  coats  of  the  capillaries,  which  ramify  at  this  spot  in  great  abund- 
ance. Whilst  this  increase  in  their  capacity  is  in  progress,  the  growing 
vesicles  are  continually  exerting  their  absorbent  function,  and  draw  into 
their  cavities  that  portion  of  the  chyme  in  the  gut  which  is  necessary  to 
supply  materials  for  the  chyle.  When  the  vesicles  respectively  attain  in 
succession  their  specific  size,  they  burst  or  dissolve,  their  contents  being 
cast  into  the  tissue  of  the  villus,  as  in  the  case  of  any  other  species  of  inter- 
stitial cell.  The  looped  network  of  lacteals,  continually  exerting  their 
peculiar  function,  take  up  the  remains,  and  the  contents  of  the  dissolved 
chyle  cells,  as  well  as  the  other  matters  which  have  already  subserved  the 
nutrition  of  the  villus.  As  long  as  the  cavity  of  the  gut  contains  chyme, 
the  vesicles  of  the  terminal  extremity  of  the  villi  continue  to  develope,  to 
absorb  chyle,  and  to  burst;  and  their  remains  and  contents  to  be  removed 
by  the  interstitial  absorbent  action  of  the  lacteals.  When  the  gut  contains 
no  more  chyme,  the  flow  of  blood  to  the  mucous  membrane  diminishes,  the 
development  of  new  vesicles  ceases,  the  lacteals  empty  themselves,  and  the 
▼illi  become  flaccid.  The  function  of  the  villi  now  ceases,  till  they  are 
again  roused  into  action  by  another  flow  of  chyme  along  the  gut."  Mr. 
Goodsir  subsequently  adds,  **  The  same  function  is  performed,  the  same 
force  is  in  action,  and  the  same  organ,  the  cell,  is  provided  for  absorption  of 
alimentary  matters  in  the  embryo  and  in  the  adult,  in  the  plant  and  in  the 
animal.  The  spongioles  of  the  root,  the  vesicles  of  the  villus,  the  last  layer 
of  oeUa  on  the  internal  membrane  of  the  included  yelk,  or  the  cells  which 

•  See  Edinb.  New  Phllos.  Journal,  July  1842;  and  British  &  For.  Medical  Review, 
Vol.  XIV.  p.  567. 
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cover  the  vasa  lutea  of  the  dependent  yelk,  and,  as  I  have  satisfied  myself, 
the  cells  which  cover  the  tufts  of  the  piacenta,  are  the  parts  of  the  organism 
in  which  the  alimentary  matters  first  form  a  part  of  that  organism,  and  un- 
dergo the  first  steps  of  the  organizing  process." 

It  is  evident,  then,  that  there  is  no  essential  difference  between  the  lowest 
cryptogamic  plant  and  the  highest  animal,  in  regard  to  the  act  of  selective 
absorption;  for  in  both  it  is  accomplished  by  cells,  which  imbibe  the  nutri- 
tive substance  that  is  destined  for  the  growth  of  the  structure;  but  in  the 
former  this  is  applied  to  their  own  development  alone,  whilst  in  the  latter 
it  is  speedily  given  up  again  by  them  to  the  vessels  that  are  to  convey  it  to 
distant  parts,  for  the  renovation  of  which  it  is  being  prepared.— G  .3 

Absorption  by  the  General  Surface. 

461.  The  Mucous  Membrane  of  the  alimentary  canal  is  by  no  means  the 
only  channel,  through  which  nutritive  or  other  substances  may  be  intro- 
duced into  the  system.  In  the  lowest  tribes  of  animals,  and  in  the  earliest 
condition  of  the  higher,  it  would  seem  as  if  absorption  by  the  external 
surface  is  equally  important  to  the  maintenance  of  life,  with  that  which 
takes  place  through  the  internal  reflection  of  it  forming  the  walls  of  the 
digestive  cavity.  In  the  adult  condition  of  the  higher  animals,  however, 
the  special  function  of  the  latter  is  so  much  exalted,  that  it  usually  super- 
sedes the  necessity  of  any  other  supply;  and  the  function  of  the  cutaneous 
and  pulmonary  surfaces  may  be  considered  as  rather  that  of  exhalation  than 
of  absorption.  But  there  are  peculiar  conditions  of  the  system,  in  which 
the  imbibition  of  fluid  through  these  surfaces  is  performed  with  great 
activity,  supplying  what  would  otherwise  be  a  most  important  deficiency. 
It  may  take  place  either  through  the  direct  application  of  fluid  to  the  sur^ 
face,  or  even  through  the  medium  of  the  atmosphere,  in  which  a  greater  or 
less  proportion  of  watery  vapour  is  usually  dissolved.  This  absorption 
takes  place  most  vigorously,  when  the  system  has  been  drained  of  its  fluid, 
either  by  an  excess  of  the  excretions,  or  by  a  diminution  of  the  regular 
supply.  It  may  be  desirable  to  adduce  some  individual  cases,  which  will 
set  this  function  in  a  striking  point  of  view.  It  is  well  known  that  ship- 
wrecked sailors,  and  others,  who  are  suffering  from  thirst,  owing  to  the 
want  of  fresh  water,  find  it  greatly  alleviated  or  altogether  relieved,  by 
dipping  their  clothes  into  the  sea,  and  putting  them  on  whilst  still  wet,  or 
by  frequently  immersing  their  own  bodies.  Dr.  Currie  relates  the  case  of 
a  patient  labouring  under  dysphagia  in  its  most  advanced  stage;  the  intro- 
duction of  any  nutriment,  whether  solid  or  fluid,  into  the  stomach,  having 
become  perfectly  impracticable.  Under  these  melancholy  circumstances, 
an  attempt  was  made  to  prolong  his  existence,  by  the  exhibition  of  nutri- 
tive enemata,  and  by  immersion  of  the  body,  night  and  morning,  in  a  bath 
of  milk  and  water.  During  the  continuance  of  this  plan,  his  weight,  which 
had  previously  been  rapidly  diminishing,  remained  stationary,  although 
the  quantity  of  the  excretions  was  increased.  How  much  of  the  absorp- 
tion which  must  have  taken  place,  to  replace  the  amount  of  excreted  fluid, 
is  to  be  attributed  to  the  baths,  and  how  much  to  the  enemata,  it  is  not 
easy  to  say;  but  it  is  important  to  remark  that  **  the  thirst,  which  was 
troublesome  during  the  first  days  of  the  patient's  abstinence,  was  abated, 
and,  as  he  declared,  removed  by  the  tepid  bath,  in  which  he  had  the  roost 
grateful  sensations."  **It  cannot  be  doubted,"  Dr.  Currie  observes,  '*that 
the  discharge  by  stool  and  perspiration  exceeded  the  weight  of  the  clysters;" 
and  the  loss  by  the  urinary  excretion,  which  increased  from  24oz.  to  36os. 
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under  this  system,  is  only  to  be  accounted  for  by  the  cutaneous  absorption. 
Dr.  S.  Smith  mentions  that  a  man  who  had  lost  nearly  3lbs.  by  perspira- 
tion, during  an  hour  and  a  quarter's  labour  in  a  very  hot  atmosphere,  re- 
gained 8oz.  by  immersion  in  a  warm  bath  at  95^.  for  half  an  hour.  The 
experiments  of  Dr.  Madden*  show  that  a  positive  increase  usually  takes 
place  in  the  weight  of  the  body,  during  immersion  in  the  warm  bath,  even 
though  there  is  at  the  same  time  a  continual  loss  of  weight  by  pulmonary 
exhalation,  and  by  transudationt  from  the  skin.  This  increase  was,  in 
some  instances,  as  much  as  5  drachms  in  half  an  hour;  whilst  the  loss  of 
weight  during  the  previous  half  hour  had  been  6i  drachms;  so  that,  if  the 
same  rate  of  loss  were  continued  in  the  bath,  the  real  gain  by  absorption 
must  have  been  nearly  an  ounce  and  a  half.  Why  this  gain  was  much  less 
than  in  the  cases  just  alluded  to,  is  at  once  accounted  for  by  the  fact,  that 
there  was  no  deficiency,  in  the  latter  case,  in  the  fluids  naturally  present  in 
the  body. 

462.  The  quantity  of  water  which  may  be  imbibed  from  the  vapour  of 
the  atmosphere,  would  exceed  belief,  were  not  the  facts  on  which  the 
assertion  rests,  beyond  all  question.  Dr.  Dill  relates  the  case  of  a  diabetic 
patient,  who  for  five  weeks  passed  24  lbs.  of  urine  every  twenty-four  hours; 
his  ingests  during  the  same  period  amounted  to  22  lbs.  At  the  commence- 
ment of  the  disease  he  weighed  145  lbs.;  and  when  he  died,  27  lbs.  of  loss 
had  been  sustained.  The  daily  excess  of  the  excretions  over  ^the  ingesta 
could  not  have  been  less  than  4  lbs.;  making  140  lbs.  for  the  thirty-five 
days  during  which  the  complaint  lasted.  If  from  this  we  deduct  the 
amount  of  diminution  which  the  weight  of  the  body  sustained  during  the 
time,  we  shall  still  have  113  lbs.  to  be  accounted  for,  which  can  only  have 
entered  the  body  from  the  atmosphere.  A  case  of  ovarian  dropsy  has  been 
recorded,  in  which  it  was  observed  that  the  patient,  during  eighteen  days, 
drank  692  oz.  or  43  pints  of  fluid,  and  that  she  discharged  by  urine  and  by 
paracentesis  1298  oz.  or  91  pints,  which  leaves  a  balance  of  606  oz.  or  38 
pints,  to  be  similarly  accounted  for.f  The  following  remarkable  fact  is 
mentioned  by  Dr.  Watson  in  his  Chemical  Essays.  "A  lad  at  Newmarket, 
having  been  almost  starved,  in  order  that  he  might  be  reduced  to  a  proper 
weight  for  riding  a  match,  was  weighed  at  9  a.  m.,  and  again  at  10  a.  m.; 
and  he  was  found  to  have  gained  nearly  30  oz.  in  weight  in  the  course  of 
this  hour,  though  he  had  only  drank  half  a  glass  of  wine  in  the  interim."  A 
parallel  instance  was  related  to  the  Author  by  the  late  Sir  G.  Hill,  then 
Governor  of  St.  Vincent.  A  jockey  had  been  for  some  time  in  training  for 
a  race  in  which  that  gentleman  was  much  interested,  and  had  been  reduced 
to  tlic  proper  weight.  On  the  morning  of  the  trial,  being  much  oppressed 
with  thirst,  he  took  one  cup  of  tea;  and  shortly  afterwards  his  weight  was 
found  to  have  increased  6  lbs.;  so  that  he  was  incapacitated  for  riding. 
Nearly  the  whole  of  the  increase  in  the  former  case,  and  at  least  three-fourths 
of  it  in  the  latter,  must  be  attributed  to  cutaneous  absorption;  which  func- 
tion was  probably  stimulated  by  the  wine  that  was  taken  in  the  one  case, 
and  by  the  tea  in  the  other. 

463.  Not  only  water,  but  substances  dissolved  in  it,  may  be  thus  intro- 

•  Prize  Essay  on  Cutaneous  Absorption,  pp.  59 — 63. 

t  That  pan  of  the  function  of  cutaneous  transpiration  which  consists  in  simple  ex- 
halation, fc  of  coarse  completely  checked  by  such  immersion;  but  that  which  is  the 
result  of  an  actual  secreting  process  in  the  cutaneous  glands  (Chap,  xii.)  is  increasea 
by  heat,  even  though  this  be  accompanied  with  moisture. 

t  Madden,  loc.  cit. 
43 
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duced.  It  has  been  found  that,  after  bathing  in  infusions  of  madder,  rhu- 
barb, and  turmeric,  the  urine  was  tinged  with  these  substances;  and  that  a 
garlic  plaster  affected  the  breath,  when  every  care  was  taken,  by  breathing 
Sirough  a  tube  connected  with  the  exterior  of  the  apartment,  that  the  odour 
should  not  be  received  into  the  lungs.*  Gallic  acid  has  been  found  in  the 
urine,  after  the  external  application  of  a  decoction  of  a  bark  containing  it; 
and  the  soothing  influence,  in  cases  of  neuralgic  pain,  of  the  external 
application  of  cherry-laurel  water,  is  well  known.  Many  saline  substances 
are  absorbed  by  the  skin,  when  applied  to  it  in  solution;  and  it  is  interest- 
ing to  remark  that,  contrary  to  what  happens  in  regard  to  the  absorption  of 
these  from  the  alimentary  canal,  they  are  for  the  most  part  more  readily 
discoverable  in  the  absorbents  than  in  the  veins.  This  is  probably  due  to 
the  fact,  that  the  imbibition  of  them  is  governed  entirely  by  physical  laws; 
in  obedience  to  which,  they  pass  most  readily  into  the  vessels  which  pre- 
sent the  thinnest  walls  and  the  largest  surface.  In  the  intestines,  the  vas- 
cular plexus  on  each  villus  is  far  more  extensive  than  the  ramifying  lacteal 
which  originates  in  it;  and  as  the  walls  of  the  veins  are  thin,  there  is 
considerable  facility  for  the  entrance  of  saline  and  other  substances  into  the 
general  current  of  the  circulation:  but  in  the  skin,  the  lymphatics  are  distri- 
buted much  more  minutely  and  extensively  than  the  veins;  and  soluble 
matters,  therefore,  enter  them  in  preference  to  the  veins.  In  none  of  the 
experiments  referred  to,  was  any  friction  employed  to  hasten  absorption; 
this  altogether  changes  the  condition  of  the  function. 

464.  It  is  not,  however,  from  the  external  world  alone,  that  Animals 
derive  the  materials  of  tlieir  nutrition.  It  has  been  stated  (§  84)  that  the 
necessity  for  a  constant  supply  of  food,  arises  from  the  continual  decompo- 
sition which  is  taking  place  within  the  living  body;  and  it  will  be  hereafter 
shown,  that  this  decomposition  is  connected  with  the  death  of  the  cells,  of 
which  the  several  parts  are  constructed,  these  having  an  independent  life 
of  their  own,  and  consequently  a  limited  duration,  which  has  no  immediate 
connection  with  that  of  the  orgaiyism  at  large.  In  every  portion  of  the 
body,  therefore,  materials  for  nutrition  are  continually  being  set  free;  and 
we  find  a  peculiar  provision  for  the  re-introduction  of  these  into  the  circu- 
lating fluid.  All  animals  which  have  a  lacteal  system  have  also  a  lymphatic 
system,  closely  corresponding  to  it  in  aspect,  but  consisting  of  vessels 
that  are  distributed  through  the  whole  body,  instead  of  on  the  intestioal 
surface  only,  permeating  almost  every  tissue,  and  in  many  forming  a  most 
minute  plexus.  These  vessels  pass,  like  the  lacteals,  through  conglobate 
glands,  in  which  they  are  brought  into  intimate  relation  with  blood-vessels; 
and  they  empty  their  contents  into  the  same  receptacle,  so  as  to  poor 
them  into  the  blood  in  precisely  the  same  manner.  The  evident  con- 
formity in  the  nature  of  the  fluid  which  these  two  sets  transmit,  joined  to 
the  fact  of  the  fluid  lymph,  like  the  chyle,  being  conveyed  into  the  gene- 
ral current  of  the  circulation  just  before  the  blood  is  again  transmitted  to 
the  system  at  large,  almost  inevitably  leads  to  the  inference  that  the  lymph 
is,  like  the  chyle,  a  nutritious  fluid,  and  is  not  of  an  excrementitious  cht- 
racter,  as  formerly  supposed.  The  following  is  the  most  recent  compara- 
tive analysis  of  the  two,  as  performed  by  Dr.  G.  0.  Rees;  the  fluids  weie 
procured  from  the  lacteal  and  lymphatic  vessels  of  a  donkey,  previously  to 
their  entrance  into  the  thoracic  duct;  the  animal  was  killed  seven  hoan 
after  a  full  meal. 

♦  Dunglison's  Physiology,  Vol.  n.  p.  85, 4th  Ed. 
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Chyle,  Lymph, 

Water         -..-..  90*237  96*536 

AlbumiDOus  matter               ....  3-516  1*200 

Fibrinous  matter                   .             •             -             .  0*370  0*120 

Animal  extractive  matter  soluble  in  water  and  alcohol  0*332  0*240 

Animal  extractive  matter  soluble  in  water  only          -  1*233  1-319 

Fatty  matter             .....  3*601  a  trace 

Salts;— Alkaline  chloride,  sulphate  and  carbonate,  with  ?  o«71 1  O^^iRS 
traces  of  alkaline  phosphate,  oxide  of  iron               j 

10000      100*00 

From  this  analysis  it  appears  that  the  chief  chemical  difference  between 
the  chyle  and  lymph  consists  in  the  much  larger  proportion  of  assimilable 
substances,-— albumen,  fibrin,  and  fatty  matter,— contained  in  the  former: 
the  nature  and  amount  of  the  less  clearly-defined  animal  principles,  and  of 
the  saline  ingredients,  appear  to  be  nearly  identical  in  both. 

465.  Hence  it  can  scarcely  be  doubted  that,  to  use  Dr.  Prout's  expres- 
sion, **  a  sort  of  digestion  is  carried  on  in  all  parts  of  the  body."  That  a 
part  of  the  products  of  interstitial  decomposition  may  be  subsequently 
assimilated,  appears  indisputable;  for  in  no  other  way  can  we  account  for 
the  fact,  that  animals  may  live  for  a  time  on  their  own  solids.  This  is 
particularly  evident  in  the  case  of  the  hybernating  animals,  which  retire 
to  their  winter  quarters  loaded  with  fat,  and  come  forth  quite  lean  in  the 
spring;  and  in  such  a  case  we  must  believe,  not  only  that  the  lymphatics 
select  from  the  products  of  spontaneous  decomposition  those  which  are  fit 
to  be  again  assimilated,  but  that  an  actual  change  is  effected  in  the  fatty 
matter,  by  means  of  some  action  of  the  fiuids  upon  it,  which  prepares  it  to 
be  thus  absorbed.  It  would  not  seem  improbable  that,  when  the  gastric 
secretion  is  suspended,  for  want  of  the  necessary  excitement,  its  materials 
may  accumulate  in  the  blood  (as  it  will  hereafter  appear  that  those  of  the 
other  secretions  will  do)  and  may  thus  act  upon  the  tissues  of  the  body 
itself.  A  very  similar  phenomenon  is  observed  in  Vegetables.  In  the 
neighbourhood  of  most  parts  which  are  at  a  certain  time  to  undergo  rapid 
development,  we  find  laid  up  a  deposit  of  starchy  matter, — the  peculiar 
character  of  which  is,  that  it  is  not  dissolved  by  the  ordinary  circulation  of 
fluid  through  the  cells  containing  it,  but  that  it  is  capable  of  being  thus 
dissolved  by  a  very  simple  chemical  process;  and  this  process  takes  place 
exaedy  when  it  is  necessary  that  this  store  should  be  appropriated.  Thus, 
of  the  seed,  the  principal  bulk  is  composed  of  starch,  which  is  converted 
into  sugar  during  the  process  of  germination;  and  the  same  may  be  said  of 
the  tuber  of  the  potato,  which  chiefiy  consists  of  starch  that  is  converted 
into  sugar  during  the  development  of  its  eyes  or  buds.  The  agent  in  the 
process  is  a  substance  called  diastase,  which  is  stored  up  in  the  neighbour- 
hood of  the  embryo  or  of  the  bud,  and  is  carried  by  its  vessels  into  the 
midst  of  the  amylaceous  deposit,  when  its  development  commences.  This 
diastase  may  be  obtained  in  a  separate  form;  and  produces  its  characteristic 
effect  as  well  in  the  laboratory  of  the  chemist,  as  in  the  vegetable  organism.* 

466.  It  may  be  stated,  then,  as  a  general  fact,  that  the  function  of  the 
Absorbent  System  is  to  take  up,  and  to  convey  into  the  circulating  appara- 
tus, such  substances  as  are  capable  of  appropriation  to  the  nutritive  process; 
whether  these  substances  be  directly  furnished  by  the  external  world,  or  be 

*  See  Principles  of  General  and  Comparative  Physiology,  S  403. 
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derived  from  the  disintegration  of  the  organism  itself.  We  have  seen  that, 
in  the  lacteals,  the  selecting  power  is  such,  that  these  vessels  are  not  disposed 
to  convey  into  the  system  any  substances  but  such  as  are  destined  for  this 
purpose;  and  that  extraneous  matters  are  absorbed  in  preference  by  the  me- 
senteric veins.  The  case  is  different,  however,  with  regard  to  the  lymphatics; 
for  there  is  reason  to  believe  that  they  are  more  disposed  than  the  veins  to 
the  absorption  of  other  soluble  matters;  especially  when  these  are  brought 
into  relation  with  the  skin,  through  which  the  lymphatics  are  very  profusely 
distributed.  Thus,  when  irritating  substances  are  rubbed  on  the  skin,  red 
iBtreaks  soon  appear  in  the  course  of  the  lymphatics,  and  the  absorbent 
glands  soon  become  swollen  and  inflamed.  It  is  well  known  that  this  is 
also  the  case  in  regard  to  certain  poisonous  substances  which  may  have 
been  absorbed  through  slight  wounds;  such  as  the  matter  of  the  dead  body 
introduced  in  dissection,  that  of  the  pustule  maligne  of  cattle  (which  is 
said  to  have  produced  fatal  consequences,  even  when  no  breach  of  surface 
has  existed  in  the  skin  with  which  it  has  been  in  contact),  the  syphilitic 
virus,  and  other  similar  morbific  agents.  The  absorbent  power  of  the 
lymphatics  of  the  skin  is  well  shown  by  the  following  experimeixt.  A 
bandage  having  been  tied  by  Schreger  round  the  hind-leg  of  a  puppy,  the 
limb  was  kept  for  twenty-four  hours  in  tepid  milk;  at  the  expiration  of  this 
period,  the  lymphatics  were  found  full  of  milk;  whilst  the  veins  contained 
none.  In  repeating  this  experiment  upon  a  young  man,  no  milk  could  be 
detected  in  the  blood  drawn  from  a  vein.  It  has  been  shown  by  Milller 
that,  when  the  posterior  extremities  of  a  frog  were  kept  for  two  hours  in  a 
solution  of  prussiate  of  potass,  the  salt  had  freely  penetrated  the  lymphatics, 
but  had  not  entered  the  veins.  It  does  not  follow,  however,  from  these  and 
similar  experiments,  that  in  all  tissues  the  lymphatics  absorb  more  readily 
than  the  veins;  for  we  may  conceive  a  good  deal  to  depend  upon  the  relative 
facility  with  which,  from  the  arrangement  of  these  two  kinds  of  vessels 
respectively,  the  fluid  can  gain  access  to  them.  Thus  in  the  skin,  the  lym- 
phatic plexus  is  more  minute,  and  nearer  the  surface  than  the  venous  plexus; 
in  the  lungs,  on  the  other  hand,  the  capillary  blood-vessels  are  much  more 
freely  exposed  to  the  surface  of  the  air-cells,  than  are  the  lymphatics;  and 
we  should  therefore  expect  the  former  to  absorb  more  readily.  This  ap- 
pears from  experiment  to  be  the  fact;  for,  when  a  solution  of  prussiate  of 
potass  was  injected  by  Mayer  into  the  lungs,  the  salt  could  be  detected  in 
the  serum  of  the  blood  much  sooner  than  in  the  lymph,  and  in  the  blood  of 
the  left  cavities  of  the  heart,  before  it  had  reached  that  of  the  right. 

467.  Since  the  time  of  Hunter,  who  first  brought  prominently  forwards 
the  doctrine  alluded  to,  it  has  been  commonly  supposed  that  the  function 
of  the  lymphatics  is  to  remove,  by  interstitial  absorption,  the  effete  matter, 
which  is  destined  to  be  carried  out  of  the  system;  and  any  undue  activity 
in  this  process  (such  as  exists  in  ulceration),  or  any  deficiency  in  its  ener;^ 
(such  as  gives  rise  to  dropsical  effusions,  and  other  collections  of  the  same 
kind),  have  been  attributed  to  excess  or  diminution  in  the  normal  operation 
of  the  absorbent  system.  From  what  has  been  stated,  however,  it  appeaff 
that  the  special  function  of  the  lymphatics,  like  that  of  the  lacteals,  is  nutri' 
tive  absorption;  and  that  the  reception  of  any  other  substances  into  their 
interior,  must  be  looked  upon  as  resulting  simply  from  the  permeability  of 
their  walls.  This  statement  applies  to  the  not  unfrequent  occurrence  of  the 
absorption  of  bile,  and  other  fluids,  from  the  walls  of  the  cavities  in  which 
they  were  collected;  with  regard  to  the  absorption  of  pus,  however,  which 
has  been  occasionally  noticed  to  take  place,  both  from  internal  collections* 
and  from  open  ulcers,  it  may  be  remarked  that  the  lymphatic  vessels  were 


SUPPLY  OF  FOOD  REQUIRED  BY  MAN.  341 

not  improbably  laid  open  by  ulceration,  since  in  no  other  way  can  be  under- 
stood the  entrance  of  globules  so  large  as  those  of  pus  into  their  interior. 
If  this  view  of  the  function  of  the  lymphatics  be  correct,  it  follows  that  we 
must  attribute  to  the  blood-vessels  the  absorption  of  the  truly  effete  parti- 
cles; and  in  this  there  would  seem  no  improbability.  We  know  that  venous 
blood  contains  the  elements  of  two  important  excretions,  that  of  the  lungs 
and  that  of  the  bile,  in  a  far  higher  amount  than  does  arterial  blood;  and  we 
shall  hereaAer  see,  that  there  is  a  certain  portion  of  the  fluid,  which  consists 
of  **  ill-defined  animal  principles''  that  seem  ready  to  be  thus  thrown  off. 
Moreover,  the  materials  of  a  large  part  of  the  excretor}'  products  are  probably 
derived  from  the  processes  of  assimilation  themselves;  each  tissue  appro- 
priating the  principles  which  it  needs,  and  leaving  the  remainder  in  the  fluid 
as  superfluous  matter.  It  may  be  further  remarked,  that  the  reciprocal  part 
which  Hunter  imagined  the  arteries  and  lymphatics  to  perform  in  the  func- 
tion of  nutrition,  is  quite  inconsistent  with  what  is  now  known  of  the  nature 
of  that  process;  for,  as  will  subsequently  appear,  it  entirely  consists  in  a 
reaction  between  the  tissues  and  the  nutritious  fluid,  in  which  the  vessels 
have  no  share  save  as  the  channels  of  supply.  When  these  channels  are 
obstructed,  or  the  supply  of  new  matter  is  cut  ofl*  in  any  other  way,  the 
removal  of  the  old  by  interstitial  absorption  becomes  evident;  and  that  this 
is  accomplished  at  least  as  much  by  the  veins  as  by  the  lymphatics  appears 
from  the  fict,  that  in  some  tissues,  in  which  it  may  take  place  with  rapidity 
(such  as  bone)  lymphatics  do  not  exist. 

Supply  of  Food  required  by  Man. 

468.  The  quantity  of  food,  required  for  the  maintenance  of  the  Human 
body  in  health,  varies  so  much  with  the  age,  sex,  and  constitution  of  the 
individual,  and  the  circumstances  in  which  he  may  be  placed,  that  it  would 
be  absurd  to  attempt  to  flx  any  standard  which  should  apply  to  every  par- 
ticalar  case.     The  appetite  is  the  only  sure  guide  for  the  supply  of  the 
wants  of  each;  but  its  indications  must  not  be  misinterpreted.   To  eat  when 
we  are  hungry  is  an  evidently  natural  disposition;  but  to  eat  as  long  as  we 
are  hungry  may  not  always  be  prudent.     Since  the  feeling  of  hunger  does 
not  depend  so  much  upon  the  state  of  fulness  or  emptiness  of  the  stomach, 
as  upon  the  condition  of  the  general  system,  it  appears  evident  that  the 
ingestion  of  food  cannot  at  once  produce  the  eflfect  of  dissipating  it,  though 
it  will  do  so  after  a  short  time;  so  that,  if  we  eat  with  undue  rapidity,  we 
may  continue  swallowing  food  long  after  we  have  taken  as  much  as  will 
really  be  required  for  the  wants  of  the  system;  and  every  superfluous  par- 
tide  is  not  merely  useless  but  injurious.   Hence,  besides  its  other  important 
ends,  the  process  of  thorough  mastication  is  important,  as  prolonging  the 
meal,  and  giving  time  to  the  system  to  become  acquainted  (as  it  were)  that 
the  supply  of  its  wants  is  in  progress;  so  that  its  demand  may  be  abated  in 
due  time  to  prevent  the  ingestion  of  more  than  is  required.   It  is  very  justly 
remarked  by  Dr.  Beaumont,  that  the  cessation  of  this  demand,  rather  than 
tfie  positive  sense  of  satiety,  is  the  proper  guide.     *'  There  appears  to  be  a 
tense  of  perfect  intelligence  conveyed  to  the  encephalic  centre,  which,  in 
health,  invariably  dictates  what  quantity  of  aliment  (responding  to  the  sense 
of  hunger  and  its  due  satisfaction)  is  naturally  required  for  the  purposes  of 
life;  and  which,  if  noticed  and  properly  attended  to,  would  prove  the  most 
salutary  monitor  of  health,  and  effectual  preventive  of  disease.    It  is  not  the 
sense  of  satiety,  for  this  is  beyond  the  point  of  healthful  indulgence,  and  is 
Natare*8  earliest  indication  of  an  abuse  and  overburden  of  her  powers  to 


342  ON  DIGESTION  AND  ABSORPTION. 

replenish  the  system.  It  occurs  immediately  previous  to  this;  and  may  be 
known  by  the  pleasurable  sensations  of  perfect  satisfaction,  ease,  and 
quiescence  of  body  and  mind.  It  is  when  the  stomach  says,  enough;  and 
it  is  distinguished  from  satiety  by  the  difference  of  sensations, — ihe  latter 
saying  too  muchJ'^  Every  medical  man  is  well  aware  how  generally  this 
rule  is  transgressed;  some  persons  making  a  regular  practice  of  eating  to 
repletion;  and  others  paying  far  too  litde  attention  to  the  preliminary  opera- 
tions, and  thus  ingesting  more  than  is  good  for  them,  even  though  they  may 
actually  leave  off  with  an  appetite. 

469.  Although  no  universal  law  can  be  laid  down  for  individuals,  how- 
ever, it  is  a  matter  of  much  practical  importance  to  be  able  to  form  a  correct 
average  estimate;  and  there  is  no  more  difficulty  in  accomplishing  this,  than 
there  is  in  forming  tables  of  mortality.     It  is  by  estimating  the  average 
duration  of  life,  that  Insurance  Companies  make  their  calculations  of  the 
probable  duration  of  any  one;  and  though  the  actual  result  may,  in  every 
individual  case,  be  different  from  that  estimate,  yet  it  holds  good  perfectly 
well  for  a  large  number.  It  is  from  the  experience  afforded  by  the  usual  con- 
sumption of  food  by  large  bodies  of  men,  therefore,  that  our  data  are  obtained; 
and  these  data  are  sufficient  to  enable  us  to  predict  with  tolerable  accuracy  what 
will  be  required  by  similar  aggregations,  though  they  can  afford  no  guide  to 
the  consumption  of  individuals.  We  shall  first  consider  the  quantity  sufficient 
for  men  in  regular  active  exercise;  and  then  inquire  how  far  that  may  be  safely 
deduced  for  those  who  lead  a  more  sedentary  life.     The  Diet-scale  of  the 
British  Navy  may  be  advantageously  taken  as  a  specimen  of  what  is  required 
for  the  first  class.     It  is  well  known  that  an  extraordinary  improvement  has 
taken  place  in  the  health  of  seamen  during  the  last  80  years;  so  that  three 
ships  can  now  be  kept  afioat  with  only  the  same  number  of  men  which 
were  formerly  required  for  two.     This  is  due  to  the  improvement  in  the 
quality  of  the  food,  in  combination  with  other  prophylactic  means.     At 
present  it  may  safely  be  afiirmed  that  it  would  not  be  easy  to  conceive  of 
any  diet-scale  more  adapted  to  answer  the  required  purpose.     The  health 
of  crews  that  have  been  long  afloat,  and  have  been  exposed  to  every  variety 
of  external  conditions,  appears  to  be  preserved  (at  least  when  they  are  under 
the  direction  of  judicious  officers),  to  the  full  as  well  as  that  of  persons  sub- 
ject to  similar  vicissitudes  on  shore;  and  there  can  be  no  complaint  of  insuffi- 
ciency of  food,  although  the  allowance  cannot  be  regarded  as  superfluoas. 
It  consists  of  from  31  to  35s  ounces  of  dry  nutritious  matter  daily;  of  this 
26  oz.  are  vegetable,  and  the  rest  animal;  9  oz.  of  salt  meat,  or  4^  oz.  fresh, 
being  the  allowance  of  the  latter.     This  is  found  to  be  amply  sufficient  for 
the  support  of  strength;  and  considerable  variety  is  produced  by  exchanging 
various  parts  of  the  diet  for  other  articles.     This,  however,  is  sometimes 
done  erroneously;  thus  8  oz.  of  fresh  vegetables,  which  contain  only  li  oz. 
of  solid  nutriment,  are  exchanged  for  12  oz.  of  flour,  which  is  almost  all 
nutritious.     Sugar  and  Cocoa  are  also  allowed;  partly  in  exchange  for  a 
portion  of  the  spirits  formerly  served  out,  the  diminution  of  which,  especially 
in  the  case  of  boys,  has  been  attended  with  great  benefiL 

470.  Another  government  scale  is  that  by  which  troops  are  victualled  on 
the  voyage  to  the  East  Indies.  The  diet  is  essentially  the  same  with  that 
of  seamen;  but  as  there  is  not  the  same  necessity  for  exertion,  it  is  dimi- 
nished to  23$  oz.  of  dry  vegetable  matter,  and  8  oz.  of  animal  food  per 
day,  being  in  the  whole  about  one-tenth  less  than  that  of  seamen.  But  this 
allowance  is  probably  too  liberal,  considering  the  difference  of  circum- 
stances, and  the  inactive  life  the  soldiers  lead.  The  health  of  the  troops  is 
almost  always  good  on  landing;  and  scurvy  rarely  appears  among  theffli 
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although  it  sometimes  shows  itself  among  the  crews  of  private  ships,  in 
consequence  of  the  want  of  proper  precautions.    This  scale  is  intermediate 
between  what  is  required  for  men  in  active  and  laborious  exercise,  and  that 
which  is  adequate  for  persons  in  confinement,  such  as  prisoners  and  the 
inmates  of  poor-houses.    In  the  case  of  prisoners,  the  diet  should  of  course 
be  as  spare  as  possible  consistently  with  health;  but  it  should  be  carefully 
modified,  in  individual  cases,  according  to  several  collateral  circumstances, 
such  as  depression  of  mind,  compulsory  labour,  previous  intemperate  habits, 
and  especially  the  length  of  confinement.     It  has  been  supposed  by  some 
that  prisoners  require  a  fuller  diet  than  persons  at  large;  this  is  probably 
erroneous;  but  more  variety  is  certainly  desirable,  to  counteract,  as  far  as 
possible,  the  depressing  influence  of  their  condition  upon  the  digestive 
powers.     The  circumstances  which  occurred  at  the  Millbank  Penitentiary 
in  1823,  form  a  lamentable  warning  against  the  reduction  of  the  diet-scale 
to  an  insufficient  amount.     The  allowance  to  the  prisoners  had  formerly 
been  from  31  to  33  oz.  of  dry  nutriment  daily,  and  the  prison  was  consi- 
dered healthy;  but  in  1822,  it  was  reduced  to  21  oz.     The  health  of  the 
prisoners  continued  unbroken  for  nearly  six  months;  but  scurvy  then  showed 
itself  unequivocally;  and  out  of  860  prisoners,  437,  or  52  per  cent.,  were 
aflected  with  it.     The  efifect  of  previous  confinement  here  became  remark- 
able; for  those  were  chiefiy  attacked  who  had  been  in  the  prison  for  two 
years,  a  year,  or  six  months.   Again,  the  prisoners  employed  in  the  kitchen, 
who  had  8  oz.  of  bread  additional  per  day,  were  not  attacked,  except  three 
who  had  only  been  there  a  few  days.     After  the  epidemic  had  spread  to  a 
great  extent,  it  was  found  that  the  addition  of  8  oz.  to  the  daily  allowance 
of  vegetable  food,  and  i  oz.  to  the  animal,  facilitated  the  operation  of  the 
remedies  which  were  used  for  the  restoration  of  the  health  of  the  prisoners. 
The  efifeets  of  confinement  have  been  further  shown  in  the  experience  of 
the  Edinburgh  House  of  Refuge,  which  was  first  established  in  1832  for 
the  reception  of  beggars  during  the  cholera,  and  which  has  been  continued 
to  the  present  time.     The  diet  was  at  first  a  quart  of  oatmeal  porridge  for 
each  person,  morning  and  evening;  and  at  dinner  1  oz.  of  meat,  in  broth, 
with  7  oz.  of  bread;  making  altogether  about  23  oz.  of  solid  food  a  day. 
During  some  months,  this  diet  seemed  to  answer  very  well;  the  people 
went  out  fatter  than  they  came  in,  owing  to  the  diet  being  better  than  that 
to  which  they  had  been  accustomed;  but  afterwards,  a  proneness  to  disease 
manifested  itself  in  those  who  had  been  residents  there  for  a  considerable 
time,  and  the  diet  was  therefore  somewhat  increased,  with  good  efifect. 
The  quantity  of  animal  food  was  probably  here  too  small;  and  the  total 
weight  might  still  have  been  sufficient,  if  it  had  been  dififerently  appor- 
tioned.   .  In  a  convict-ship  which  took  out  433  prisoners  to  New  Holland 
in  1802,  the  mortality  was  very  trifling,  and  the  general  health  good, 
although  these  prisoners  were  supported  on  16  oz.  of  vegetable  food,  and 
7i  oz.  of  animal  food  per  day, — a  quantity  which  was  found  to  be  per- 
fectly sufficient  for  theip.     The  aged  inmates  of  work-houses,  especially 
those  who  have  been  accustomed  to  poor. food  during  their  whole  lives, 
require  much  less  than  this;  their  vital  functions  being  comparatively  inac- 
tive, and  their  amount  of  labour  or  exercise  small.     In  the  Edinburgh 
work-house,  of  which  the  inmates  have  usually  good  health,  they  are  fed 
upon  oatmeal  porridge  morning  and  evening,  with  barley-broth  at  dinner; 
the  total  allowance  of  dry  animal  nutriment  is  about  17  oz., — namely  13 
oz.  vegetable,  and  4  oz.  animal. 

471.  The  diet  of  children  in  Public  Institutions  is  a  subject  of  much 
interest,  from  the  large  number  who  are  supported  m  this  country  by  cha- 
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rity,  daring  the  ages  of  from  7  to  14  years.  Every  one  who  has  had  much 
experience  among  the  poor,  must  be  aware  how  frequently  the  growth  is 
stunted  for  want  of  an  adequate  supply  of  food;  but  it  is  certainly  not  less 
common  among  the  higher  classes,  and  even  amongst  those  just  raised 
above  absolute  poverty,  to  meet  with  children  suffering  under  various  dis- 
orders, which  may  be  distinctly  traced  to  an  overloaded  state  of  the  system. 
In  the  Edinburgh  Children's  poor-house,  the  age  of  the  inmates  is  from  7 
to  14  years;  their  diet  consists  of  milk  and  porridge,  barley-broth  and  bread, 
amounting  to  13  oz.  of  vegetable  food,  and  3  oz.  of  animal.  In  Heriot's 
Hospital,  of  which  the  funds  are  ample,  meat  and  potatoes  are  allowed  for 
dinner,  making  the  total  about  16^  oz.  of  vegetable,  and  4s  oz.  of  animal 
food.  Of  these  scales,  the  first  is  probably  rather  too  low,  and  the  second 
too  high.  Both  establishments  are  healthy;  but  in  the  Poor-house  there  is 
the  least  mortality. 

472.  The  diet  of  patients  in  the  Hospitals  falls  still  more  strictly  under 
the  cognizance  of  the  Medical  Officers;  and  it  seems  desirable  to  introduce 
here  a  few  remarks  as  to  what  is  required,  for  the  guidance  of  thqse  who 
may  be  engaged  in  framing  such  a  scale.     There  can  be  little  doubt  that, 
as  a  whole,  the  diet  of  patients  in  English  Hospitals  is  much  too  high,  being 
far  better  than  that  to  which  the  same  class  of  persons  is  accustomed  in 
health;  this  is  attended  with  injury  to  the  patients,  and  with  increased  ex- 
pense to  the  institution;  and  it  has  further  the  injurious  effect  of  tempting 
the  patients  to  stay  in  the  hospital  for  a  longer  time  than  is  neoessary. 
There  are,  however,  considerable  diversities  in  the  mode  of  living,  in  dif- 
ferent parts  of  the  country,  which  render  it  undesirable  to  lay  dpwn  any 
fixed  standard  for  all;  and  every  plan  will  need  great  modification,  accord- 
ing to  the  particular  constitution  and  condition  of  individuals.  As  a  general 
rule  it  may  be  stated,  that  patients  who  are  labouring  under  slight  diseases, 
the  greater  number  of  those  under  surgical  treatment,  and  convalescents 
from  acute  diseases,  should  have  a  diet  much  like  that  of  their  ordinary 
food,  but  rather  less  in  quantity.     The  following  scale  of  the  diet  adopted 
in  the  Edinburgh  Infirmary  is  here  introduced,  as  showing  that  a  much 
smaller  amount  of  animal  food  than  is  commonly  afforded  in  England,  is 
usually  quite  sufficient.    The  ordinary  diet,  upon  which  by  far  the  greater 
number  of  the  patients  are  fed,  consists  of  a  pint  of  porridge  with  6i  oz.  oif 
bread  and  7  oz.  of  milk,  morning  and  evening;  for  dinner  there  are  broth 
and  vegetables,  the  former  containing  about  4s  oz.  of  animal  matter,  the 
latter  weighing  14  oz.     Full  diet  consists  in  the  addition  of  8  oz.  of  meat 
three  days  a  week.     As  a  ground  of  comparison,  it  may  be  mentioned  that 
the  estimate  already  given,  for  the  amount  of  dry  nutritive  matter  required 
by  a  young  adult  in  full  health  and  activity,  would  allow  but  10  oz.  of  bread 
for  breakfast,  12  oz.  of  meat,  with  half  the  quantity  of  vegetables  for  din- 
ner, and  8  oz.  of  vegetable  food  at  other  meals;  many  persons,  however, 
are  in  the  habit  of  taking  double  that  quantity,  to  their  own  great  detri- 
ment.* 

473.  The  smallest  quantity  of  food  upon  which  life  is  known  to  have 
been  supported  with  vigour,  during  a  prolonged  period,  is  that  on  which 
Cornaro  states  himself  to  have  subsisted.  This  was  no  more  than  12  os. 
a  day,  chiefly  of  vegetable  matter,  for  a  period  of  58  years.  There  is  only 
one  instance  on  record  in  which  his  plan  was  followed;  and  there  are  pro- 

*  For  a  large  part  of  the  information  be  has  given  on  this  subject,  the  author  is 
indebted  to  Proiessor  Christison's  valuable  Lectures  on  Dietetics,  which  form  part 
of  his  Course  on  MaUrtti  Medica. 
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bably  few  who  could  long  persevere  in  it,  at  least  among  those  whose  avo- 
cations require  much  mental  or  bodily  exertion.  It  is  certain,  however, 
that  life  with  a  moderate  amount  of  vigour  maybe  preserved  for  some  time, 
with  a  very  limited  amount  of  food,  especially  when  the  individuals  are 
much  exposed  to  the  air;  this  appears  from  the  records  of  shipwreck  and 
similar  disasters.  In  regard,  however,  to  those  who  have  been  stated  to 
fast  for  a  period  of  months  or  even  years,  taking  no  nutriment,  but  main- 
taining an  active  condition,  it  may  be  safely  asserted  that  they  were  impos- 
tors,— probably  possessing  unusual  powers  of  abstinence,  which  they  took 
care  to  magnify.  It  is  yet  a  matter  of  doubt,  however,  whether,  in  par- 
ticular conditions  of  the  system,  in  which  the  circulation,  respiration,  &c., 
are  reduced  to  the  low  condition  of  functional  activity  which  they  exhibit 
in  hybemating  animals,  there  may  not  be,  as  in  these,  a  considerable  power 
of  abstaining  from  food.  The  time  during  which  life  can  be  supported 
under  total  abstinence,  is  usually  stated  to  vary  from  8  to  10  days;  the 
period  may  be  greatly  prolonged,  however,  by  the  occasional  use  of  water, 
and  still  more  by  a  very  small  supply  of  animal  food.  In  a  case  recorded 
by  Dr.  WiUan,  of  a  young  gentleman  who  starved  himself,  under  the  influ- 
ence of  a  religious  delusion,  life  was  prolonged  for  60  days;  during  the 
whole  of  which  time  nothing  else  was  taken  than  a  little  orange  juice. 
In  a  somewhat  similar  case  which  occurred  under  the  Author's  notice,  in 
the  person  of  a  young  French  lady,  more  than  15  days  elapsed  between 
the  time  that  she  ceased  to  eat  regularly,  and  the  time  of  her  being  com- 
pelled to  take  nourishment;  during  this  period  she  took  a  good  deal  of 
exercise,  and  her  strength  seemed  to  suffer  but  little,  although  she  swal- 
lowed solid  food  only  once,  and  then  in  small  quantity.  If  the  cessation  of 
museolar  exertion  be  complete,  it  seems  that  life  is  usually  more  prolonged, 
than  where  exercise  of  any  kind  is  performed;  and  this  is  what  might  natu- 
rally be  expected. 

474.  Of  the  quantity  which  can  be  devoured  at  a  time,  it  is  scarcely  the 
place  to  speak;  since  such  feats  of  gluttony  only  demonstrate  the  extraor- 
dinary capacity   which  the  stomach  may  be  made  to  attain  by  continual 
practice.     Many  amusing  instances  are  related  by  Captain  Parry  in  his 
Arctic  Voyages;  in  one  case,  a  young  Esquimaux,  to  whom  he  had  given 
(for  the  sake  of  curiosity)  his  full  tether,  devoured  in  four-and-twenty  hours, 
no  less  than  35 lbs.  of  various  kinds  of  aliment,  including  tallow  candles.   A 
case  has  recently  been  published  of  a  Hindoo,  who  can  eat  a  whole  sheep 
at  a  time;  this  probably  surpasses  any  other  instance  on  record.     The  half- 
breed  vayageurs  of  Canada,  according  to  Captain  Franklin,  and  the  wan- 
dering Cossacks  of  Siberia,  as  testified  by  Captain  Cochrane,  habitually 
devour  a  quantity  of  animal  food,  which  would  be  soon  fatal  to  any  one 
anosed  to  it.     The  former  are  spoken  of  as  very  discontented  when  put  on 
a  short  allowance  of  8lbs.  of  meat  a  day,  their  usual  consumption  being 
from  12  to  201bs.     That  a  much  larger  quantity  of  food  than  that  already 
specified  may  be  taken  with  perfect  freedom  from  injurious  consequences, 
under  a  particular  system  of  exercise,  &c.,  appears  from  the  experience  of 
those  who  are  trained  for  feats  of  strength,  pugilistic  encounters,  &c.   The 
ordinary  belief,  that  the  athletic  constitution  cannot  be  long  maintained,  ap- 
pears to  have  no  real  foundation;  nor  does  it  appear  that  any  ultimate  injury 
results  from  the  system  being  persevered  in  for  some  time.     That  trained 
men  often  fall  into  bad  health  on  the  cessation  of  the  plan,  is  probably  owing 
in  part  to  the  intemperance  and  other  bad  habits  of  persons  of  the  class 
usually  subjected  to  this  discipline.     The  effects  of  trainers'  regimen  are 
hardness  and  firmness  of  the  muscles,  clearness  of  the  skin,  capability  of 
44 


346  OF  THE  CIRCULATION. 

bearing  continued  severe  exercise^  and  a  feeling  of  freedom  and  lightness 
(or  *  corkiness*)  in  the  limbs.  During  the  continuance  of  the  system,  it  is 
found  that  the  body  recovers  with  wonderful  facility  from  the  effects  of 
injuries;  wounds  heal  very  rapidly;  and  cutaneous  eruptions  usually  dis- 
appear. Clearness  and  vigour  of  mind,  also,  are  stated  to  be  results  of  this 
plan;  and  it  is  probable  that,  where  persevering  attention  and  intense  ap- 
plication are  necessary,  a  modification  of  this  system,  in  which  due  allow- 
ance should  be  made  for  the  diminished  quantity  of  exercise,  would  be  found 
advantageous.* 


CHAPTER   IX. 
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475.  The  circulation  of  nutritive  fluid  through  the  body  has  for  its 
object,  to  convey  to  every  part  of  the  organism  the  materials  for  its  growth 
and  renovation;  and  also  to  afibrd  to  every  part  the  means  of  abeorbing 
oxygen  from  the  atmosphere,  and  of  giving  up  to  this  the  carbonic  acid 
which  it  is  continually  generating.     The  extent,  therefore,  to  which  an 
apparatus  for  this  purpose  is  developed  in  the  Animal  kingdom,  is  partly 
dependent  upon  the  degree  in  which  the  function  of  nutritive  absorption  is 
limited  to  one  part  of  the  body,  and  partly  upon  the  degree  of  limitation 
of  the  respiratory  apparatus.     Where  the  digestive  cavity  itself  extends 
through  the  whole  system,  so  that  every  part  can  absorb  at  once  from  its 
parietes,  and  where  the  whole  external  surface  is  adapted  by  its  softness 
and  permeability  to  expose  the  fluids  of  the  body  to  the  aerating  medium 
around,  there  is  no  necessity  for  any  transmission  of  fluid  from  one  part  to 
another;  and  accordingly,  in  the  lowest  animals,  which  are  thus  formed, 
no  true  circulation  exists.     Again,  in  the  Insect  tribes,  in  whose  bodies  the 
absorption  of  fluid  can  only  take  place  at  fixed  points,  there  is  a  cireulatioo 
for  the  purpose  of  transmitting  the  absorbed  matter  to  the  remote  parts  of 
the  body;  but,  as  every  part  of  the  interior  is  permeated  by  air,  the  second 
of  the  above-named  purposes  is  already  answered;  and  the  curcuit  of  the 
blood  through  the  vessels,  therefore,  is  not  accomplished  with  the  energy 
and  activity,  which,  from  the  vigorous  movements  performed  by  these  little 
beings,  might  have  been  supposed  necessary.     On  the  other  hand,  in  the 
Mollusca,  the  absorption  of  fluid  is  limited,  and  the  respiratory  action 

♦  The  fcx)d  of  the  athletae  in  Greece  consisted  chiefly  of  pork,  which  was  broiled  OJ 
roasted,  and  eaten  with  unleavened  bread.  The  use  of  fluids,  esnecially  of  fermeoied 
liquors,  was  very  sparing.  The  method  of  training  employea  by  Jackson  (a  cele- 
brated trainer  of  prize-fighters  in  modern  times),  as  deduced  from  his  answers  to 
questions  put  to  him  by  John  Bell,  was  to  begin  on  a  clear  foundation,  by  an  emetic 
and  two  or  three  purges.  Beef  and  mutton,  the  lean  of  fat  meal  being  preferred, 
constituted  the  principal  food;  veal,  lamb,  and  pork  were  said  to  be  less  digestible 
("  the  last  purges  some  men").  Fish  was  said  to  be  **  a  watery  kind  of  diet;"  and  is 
employed  by  jockeys  who  wish  to  reduce  weight  by  sweating.  Stale  bread  was  the 
only  vegetable  food  allowed.  The  quantity  of  fluia  permitted  was  3 J  pints;  but  fer- 
mented liquors  were  strictly  forbidden.  Two  full  meals,  with  a  light  supper,  were 
usually  taken.  The  quantity  of  exercise  employed  was  very  considerable,  and  such 
as  few  men  of  ordinary  strength  could  endure.  This  account  corresponds  very 
much  with  that  which  Hunter  gave  of  the  North  American  Indians,  when  about  to 
set  oat  on  a  long  march. 
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equally  so;  and  among  these  we  find  that  the  circulation  is  performed  with 
nearly  as  much  vigour  as  it  is  in  the  Vertebrata. 

476.  In  Man,  as  in  other  Vertebrated  animals,  there  is  a  regular  and 
continuous  movement  through  the  vascular  system;  and  upon  the  mainte- 
nance of  this,  the  activity  of  all  parts  of  the  organism  is  dependent.  The 
course  of  the  blood  may  be  likened  to  the  figure  8;  for  there  are  two  dis- 
tinct circles  of  vessels,  through  which  it  is  transmitted,  and  the  heart  is 
placed  at  the  junction  of  these.  The  systemic  and  pulmonary  circulations 
are  entirely  separate,  and  might  be  said  to  have  distinct  hearts,  for  the 
left  and  right  sides  of  the  heart,  which  are  respectively  appropriated  to 
these,  have  no  direct  communication  (in  the  perfect  adult  condition,  at 
least),  and  are  merely  brought  together  for  economy  of  material.  At  an 
early  period  of  foetal  life,  as  in  the  permanent  state  of  the  Dugong,  the 
heart  is  so  deeply  cleft,  from  the  apex  towards  the  base,  as  almost  to  give 
the  idea  of  two  separate  organs.  Each  system  has  its  own  set  of  arteries, 
or  efferent  vessels,  and  veins  or  afferent  trunks;  these  communicate  at  their 
central  extremity  by  the  heart;  and  at  their  peripheral  extremity  by  the 
capillary  vessels,  which  are  nothing  else  than  the  minutest  ramifications  of 
the  two  systems,  inosculating  into  a  plexus.  The  systemic  arteries  all 
proceed  firom  one  trunk,  the  aorta,  which  first  ascends  and  gives  off 
branches  to  the  head  and  superior  extremities,  then  descends  through  the 
thorax  and  abdomen,  giving  off  branches  to  the  parts  near  which  it  passes, 
and  tenninates  in  the  two  large  trunks  that  proceed  to  the  inferior  extremities. 
Now  it  has  been  commonly  asserted,  that  the  calibre  of  the  arterial  system 
is  continually  on  the  increase  as  it  becomes  more  distant  from  the  heart, 
since  at  each  subdivision,  the  diameter  of  the  branches  is  considerably 
greater  than  that  of  the  trunk;  so  that  the  combined  cavity  of  the  whole 
might  be  said  to  form  a  cone,  of  which  the  base  is  in  the  peripheral  rami- 
fications, and  the  apex  at  the  heart.  Such  an  idea  is  quite  inconsistent, 
bowerer,  with  the  fact  that  the  pressure  of  the  blood  upon  the  walls  of  the 
arteries,  as  ascertained  by  the  hsemadynameter,  is,  under  ordinary  circum- 
stances, the  same  in  every  part  of  the  system;  and  it  has  been  recently 
shown*  to  be  inconsistent  with  the  results  of  actual  measurement,  when 
these  are  rightly  interpreted.  For,  according  to  a  well-known  geometrical 
law,  the  areas  of  circles  are  as  the  squares  of  their  diameters;  and,  as  the 
calibre  of  a  tube  is  estimated  by  its  area,  not  by  its  diameter,  it  follows 
that,  in  comparing  the  size  of  a  trunk  with  that  of  its  branches,  we  are  to 
square  the  diameter  of  the  former,  and  compare  the  result  with  the  sum 
of  the  squares  of  the  diameters  of  the  branches.  When  this  is  done,  there 
18  found  to  be  a  very  close  correspondence.  The  following  table  gives 
Hie  result  of  eight  measurements,  taken  with  a  view  to  determine  the  ques- 
^on.  The  first  three  were  taken  from  the  mesenteric  artery  of  a  sheep;  the 
i^xt  three  from  the  aorta  and  iliac  arteries;  the  last  two  from  the  horse. 


TRUNK. 

BRANCHES. 

Diameter. 

Square, 

Diameters. 

Sum  of  Squares. 

I.        9 

81 

7-5+6 

81-25 

n,      7-2 

51-64 

6+4 

62 

III.       3-5 

12-25 

3+2 

13 

IV.      70 

49 

5+6 

60 

V.       17 

289 

10+10+9-5 

290-25 

VL       10 

100 

7+7+2 

102 

VII.      4-5 

20-25 

3-5+3 

21-25 

VUI.        8 

64 

4+7 

65 

Fcrneley  in  Medical  Gazette,  Dec.  7,  1839. 
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The  discrepancy  between  the  two  results  must  be  considered  extremely 
small,  when  it  is  staled  that  the  unit,  in  the  above  measurements,  is  no 
more  than  one-fortielh  of  an  inch;  and  when  it  is  remembered  that  any  error 
in  the  measurement  is  greatly  increased  in  the  calculation. 

477.  The  ultimate  ramificalions  of  the  arteries  usually  pass  so  insensibly 
into  those  of  the  veins,  that  the  line  of  demarcation  between  them  cannot  be 


Fig.  13. 


M]^'^.^; 


I 
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dislinctly  drawn.  Hence  there  is  no  ground  for  the  assumption  that  the 
capillaries  foTm  a  distinct  system  of  vessels  in  which  the  arteries  terminate 
and  the  veins  arise.  They  are  in  no  respect  different,  except  in  size,  from 
the  other  vessels.  Their  anastomosis  is  very  frequent,  so  that  a  minute  net- 
work is  formed  by  ihera;  but  this  is  also  seen  in  the  distribution  of  the 
larger  vessels.  It  has  been  maintained  by  some,  that  they  are  mere  pas- 
sages, channelled  out  of  the  tissues  through  which  they  convey  the  blood; 
but  this,  again,  is  incorrect,  for  recent  microBCopical  observations  have 
shown  ttiat  they  have  distinct  parieiea,  and  that  these  are  composed  of  a 
fibrous  structure  analogous  to  the  muscular.  Their  mode  of  origin,  again, 
lefntessucha  supposition;  for  there  can  be  no  doubt  that  they  are  produced, 
in  any  newly-forming  tissue,  not  by  the  retirement  of  its  cells,  one  from  the 
other,  so  as  U>  leave  passages  between  them,— but  by  the  formation  of  com- 
mnaications  among  certain  cells,  whose  cavities  become  connected  with 
each  other,  so  as  to  constitute  a  plexus  of  tubes,  of  which  the  original  cell- 
walls  become  the  parietes.  The  process  may  be  most 
clearly  tneed  in  Plants,  in  which  (among  the  Phanero-  ^'8-  ^■ 

gamis  at  least)  a  distinct  system  of  capillary  vessels  ^\ ., 

exists;  but  it  may  also  be  seen  in  the  germinal  mem-  iAo^l^ 

brane  of  the  ovum,  in  which  the  capillaries  distinctly  ■/stiPy:^ 

originate  before  the  trunks;  and  this  view  of  it  is  con-        f^LAJpL 
firmed  by  the  fact,  that  the  nuclei  or  cytoblasts  of  the       C^C/OnQ( 


original  cells,  may  often  be  seen  imbedded  in  the  walls      /'"S'^Tl  rwi( 

;  ■■■     w-'^ 

e  being  so  small  as  only  to  admit  globules  of  o^C'^S 


of  the  fiilly-formed  capillary  vessels.     In  regard  to  the      ''— 'P^jLj'/^^i!! 
size  of  the  capillary  vessels,  there  is  considerable  varia-        \J\  ^y^^lrT 


blood  in  single  file;  but  others,  passing  directly  between 
arteries  and  veins,  admitting  several  rows  at-  once.  bi^'vei^iiTi'irs'w 
From  the  measurements  of  Weber,  MiiUer,  and  others,  cuiiru^Rroruiegvini- 
it  appears  that  the  capillaries  in  Man  vary  from  about  miowmbnoeorafbui 
,^th  to  -nW*  of  an  inch;  whilst  the  blood-corpuscles  ll'^^^^^^^^,'^ 
Tary  from  about  T^^th  to  j-^^^  of  an  inch  in  diameter. 
As  the  capillaries  cannot  be  examined  in  the  human  body  until  after  death, 
and  then  only  by  means  of  forcible  injections,  these  meagurements  may  he 
somewhat  inaccurate.  To  the  larger  tubes,  which  may  perhaps  be  more 
nameious  in  cold-blooded  than  in  warm-blooded  vertebrata),  some  would 
deny  the  term  capillary;  but  in  the  sense  in  which  that  word  is  here  em- 
ployed, it  is  strictly  applicable  to  all  those  minute  vessels  which  connect 
the  arterial  and  venous  systems. 

478.  The  size  of  the  capillary  vessels  in  any  part  is  continually  under- 
going variation;  sometimes  all  of  them  enlarging  or  contracting  simulta- 
neously;  and  one  sometimes  contracting  whilst  others  enlarge.  In  regard 
to  the  firat  of  these  phenomena,  more  will  be  said  hereafter;  the  second  is 
here  noticed,  because  it  explains  an  occasional  appearance,  on  which  some 
have  founded  their  belief  in  the  non-existence  of  distinct  parietes  to  these 
vessels.  In  watching  the  capillary  circulation  in  any  transparent  part,  we 
Dot  nnfreqnenlly  see  the  globules  of  blood  running  into  passages  of  the 
tissue  which  we  did  not  perceive  before;  but  on  a  more  careful  examination, 
^  observer  may  satisfy  himself,  that  these  passages  existed  previously, 
)Dd  that  the  fluid  part  of  the  blood  was  transmitted  through  them;  the  slop- 
pige  of  the  red  particles  being  in  a  great  measure  dependent  on  some  partial 
Of  local  impediments.  The  compression  of  one  of  the  small  arteries,  for 
ituiaoce,  will  generally  occasion  an  oscillation  of  the  globules  of  blood  in 
lbs  sm^esl  capillaries,  which  will  be  followed  by  the  disappearance  of 
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some  of  them;  but  when  the  obstruction  is  removed,  the  blood  soon  regains 
its  former  velocity  and  force,  and  flows  exactly  in  the  same  passages  as  be- 
fore.* It  may  also  be  frequently  observed,  that  the  rate  of  motion  is  very 
different  in  the  different  parts  of  the  network;  and  that  an  entire  stagnation 
of  the  current  sometimes  takes  place  in  some  particular  tube,  the  motion  of 
the  globules  recommencing,  but  in  an  opposite  direction.  Irregularities  of 
this  kind,  however,  are  more  frequent  when  the  heart's  action  is  partially 
interrupted;  as  it  usually  is  by  the  pressure  to  which  the  tadpole  or  other 
animal  must  be  subjected,  in  order  to  allow  microscopic  observations  to  be 
made  upon  its  circulation.  Under  such  circumstances  the  varieties  in  the 
capillary  circulation,  induced  by  causes  purely  local,  become  very  conspicu- 
ous; for  when  the  whole  current  has  nearly  stagnated,  and  a  fresh  impulse 
from  the  heart  renews  it,  the  movement  is  not  by  any  means  uniform  (as  it 
might  have  been  expected  to  be)  through  the  whole  plexus  supplied  by  one 
arterial  trunk,  but  is  much  greater  in  some  of  the  tubes  than  it  is  in  others; 
the  variation  being  in  no  degree  connected  with  their  size,  and  being  very 
diflferent  at  short  intervals. 

479.  The  opinion  was  long  entertained,  that  there  are  vessels  adapted  to 
the  supply  of  the  white  or  colourless  tissues,  which  carry  from  the  arteries 
the  liquor  sanguinis  or  fluid  portion  of  the  blood,  leaving  the  globules  be- 
hind.    Many  objections  might  be  raised  against  such  a  supposition;  one  of 
the  most  obvious  of  which,  is  the  mechanical  obststcle  that  would  be  created 
at  the  entrances  to  such  a  system  of  tubes,  by  the  retention  of  the  globules 
in  the  larger  vessels  from  which  they  diverged.     No  such  vessels  have  ever 
been  observed;  and  it  may  be  safely' affirmed  that  the  supposition  of  their 
existence  is  not  required.    For  any  one  who  observes  the  smaller  capillary 
vessels  may  perceive,  that  the  current  of  blood  which  passes  through  them 
is  entirely  free  from  colour,  as  the  corpuscles  themselves  appear  to  be, 
when  spread  out  in  a  single  layer.     Tissues  which  are  rather  scantily  pe^ 
meated  by  such  vessels,  Sierefore,  may  still  be  white;  and  it  is  only  where 
the  network  is  very  close,  and  the  quantity  of  blood  which  passes  through 
it  is  consequently  great,  that  a  perceptible  colour  will  be  communicated  by 
the  red  corpuscles.     On  the  other  hand,  the  supposition  that  nutrition  can 
only  be  carried  on  by  means  of  capillary  vessels  is  entirely  gratuitous,  tt 
will  be  hereafter  shown  (Chap,  xi.);  and  it  would  appear  from  the  late  re- 
searches of  Mr.  Toynbee,t  that  cartilages  in  general,  the  cornea,):  crystil* 
line  lens,  and  vitreous  humour,  together  with  tlie  epidermoid  appendagest 
are  entirely  destitute  of  them.     He  has  demonstrated,  by  means  of  iDje^ 
tions,  that  the  arteries,  which  previous  anatomists  had  supposed  to  penetrate 
into  their  substance,  either  as  serous  vessels,  or  as  red  vessels  too  mino^ 
for  injection,  actually  terminate  in  veins  before  reaching  them;  he  also  showi 
that  around  these  non-vascular  tissues  there  are  numerous  vascular  convolit- 
tions,  large  dilatations  and  intricate  plexuses  of  blood-vessels,  the  object  of 
which  he  believes  to  be,  to  arrest  the  progress  of  the  blood,  so  that  its  nu- 
trient portion  may  penetrate  into  and  be  diffused  through  them.     There  ie* 
as  will  hereafter  appear,  no  essential  difference  between  the  nutrition  of  tbe 
non-vascular  tissues,  and  that  of  the  islets  in  the  midst  of  the  network  of 
capillary  vessels  wliich  traverses  the  most  vascular  (Fig.  44).    In  both  cases, 

♦  Dr.  Allen  Thomson,  in  Cyclop,  of  Anat.  and  Phys.,  An.  Circulation. 

t  Proceedings  of  ihe  Royal  Society.    No.  48. 

t  This  siaieineni  refers  to  the  true  cornea.  The  outer  layer  of  what  is  commonly 
termed  the  cornea,  which  is  really  a  continuation  of  the  conjunctival  membrane,  con- 
tains vessels,  which  frequently  become  enlarged  in  inflammaiion,  but  which  do  not 
dip  down  into  the  substance  beneath. 
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the  nutrient  materials  conveyed  by  the  blood  are  absorbed  by  the  cells  of  the 
tissue  immediately  adjoining  the  vessels,  and  are  imparted  by  them  to  others 
which  are  further  removed;  and  the  only  variation  that  exists,  is  in  the  amount 
of  the  portion  of  tissue  which  has  to  be  thus  traversed.  There  is  great 
variety  in  this  respect,  among  the  tissues  that  are  traversed  by  vessels;  and 
we  are  only  required  to  extend  our  ideas,  from  the  largest  of  the  islets  which 
we  find  in  these,  to  the  still  more  isolated  structures  of  which  the  non-vascular 
tissues  are  composed.  In  the  Vegetable  Kingdom,  as  among  the  lowest 
Animals,  there  are  entire  organisms  of  considerable  size,  throughout  which 
nutriment  is  conveyed  by  mere  transudation  from  cell  to  cell;  and  this  seems 
to  be  the  case  in  those  parts  of  the  highest  Animals,  in  which  the  vital 
chaoges  are  least  active. 

Action  of  the  Heart. 

480.  The  Heart  is  endowed  in  an  eminent  degree  with  the  property  of 
irriiabi^jff  by  which  is  meant  the  capability  of  being  easily  excited  to 
mo  vementi  of  contraction  alternating  with  relaxation  (§  366).  Thus,  after 
the  Heart  has  been  removed  from  the  body,  and  has  ceased  to  contract,  a 
slight  irritation  will  cause  it  to  execute,  not  one  movement  only,  but  a 
series,  gradually  diminishing  in  vigour  until  they  cease.  To  this  property, 
the  eontact  of  blood  with  the  membrane  lining  its  cavity,  appears  to  be  the 
usoal  stimulus;  and,  when  this  is  withdrawn,  its  action  will  cease  after  a 
certain  time;  whilst  it  may  be  prolonged,  by  means  of  artificial  respiration 
(which  assists  in  maintaining  the  circulation  through  the  lungs),  for  a  much 
greater  duration,  after  the  brain  and  spinal  cord  have  been  removed,  when 
animal  life  is,  therefore,  completely  extinct.  The  irritability  of  the  heart 
is  much  less  speedily  lost  in  cold-blooded,  than  in  warm-blooded  animals; 
the  heart  of  the  frog,  for  example,  will  go  on  pulsating  for  many  hours  ^ter 
its  removal  from  Uie  body;  and  it  is  stated  by  Dr.  Mitchell,*  that  the 
heart  of  a  sturgeon,  which  he  had  inflated  with  air,  continued  to  beat,  until 
the  auricle  had  absolutely  become  so  dry  as  to  rustle  during  its  movements. 
It  is  commonly  supposed  that,  when  it  is  empty  of  blood,  the  contact  of 
air  with  its  internal  cavities  is  the  stimulus  by  which  the  irritability  is  ex* 
cited;  but  Dr.  J.  Reid  has  proved  that  this  is  not  a  sufficient  explanation,  by 
placing  under  an  air-pump  a  frog's  heart  in  a  state  of  activity,  which  still 
continued  after  the  receiver  had  been  exhausted.!  It  is  thought  by  Dr. 
Alison,  that  the  succession  of  movements  may  be  in  some  degree  accounted 
for,  by  the  peculiar  arrangement  of  the  fibres  of  the  heart,  which  may  cause 
one  set,  in  contracting,  to  press  on  and  irritate  another;  and  this  idea  may 
l>e  considered  as  by  no  means  unworthy  of  adoption,  although  it  can 
acarcely  account  for  the  whole  of  the  phenomena.  In  all  experiments  made 
upon  the  cause  of  the  heart's  contraction,  it  must  be  carefully  borne  in  mind, 
that  the  slightest  disturbance  of  the  organ  will  frequently  renew  its  motions 
ifter  they  have  ceased  for  some  time;  the  neglect  of  which  fact  has  led  to 
several  erroneous  conclusions.  It  has  been  thought  by  some,  that  the  con- 
traction of  the  ventricle  is  the  necessary  sequence  of  the  contraction  of  the 
auricle, — a  doctrine  which  might  seem  to  follow  inevitably  from  the  cir- 
cumstance (ascertained  by  Dr.  Knox)  that,  when  the  irritability  is  nearly 
exhausted,  contractions  excited  in  the  auricle  are  sometimes  followed  by 
contractions  of  the  ventricle,  when  irritation  of  the  outer  surface  of  the  ven- 

♦  American  Journal  of  the  Medical  Sciences,  vol.  vii.  p.  58. 
t  Cyclopaedia  of  Anatomy  and  Physiology,  vol.  ii.  p.  611. 
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tricle  itself  produced  no  effect.  But  it  is  to  be  remembered  that  the  irrita- 
bility of  the  internal  surface  is  much  greater  than  that  of  the  external;  and 
the  movement  of  the  auricle  will  excite  that  of  the  ventricle,  by  renewing 
the  usual  stimulus.  That  this  is  the  true  explanation  is  shown  by  the  facts 
observed  by  Dr.  Reid  and  others, — that  the  usual  relation  between  the 
movements  of  the  auricles  and  ventricles  is  often  so  much  disturbed  when 
the  irritability  is  becoming  exhausted,  that  these  do  not  regularly  alternate 
with  each  other, — that  the  contraction  of  the  auricle  frequently  ceases  before 
that  of  the  ventricle,  on  the  left  side  particularly, — and  that  both  sets  of 
movements  will  continue,  when  the  auricle  and  ventricle  have  been  sepa- 
rated from  each  other. 

481.  It  was  formerly  supposed  that  the  movements  of  the  Heart  were 
dependent  upon  its  connection  with  the  centres  of  the  cerebro-spinal  nervous 
system;  and  the  experiments  of  Legallois  and  others,  who  found  that  they 
were  arrested  by  crushing,  or  otherwise  suddenly  destroying,  large  portions 
of  these  centres,  appeared  to  favour  the  supposition.  But  it  has  been 
shown  by  Dr.  Wilson  Philip  and  his  successors  in  the  same  inquiry*  that 
the  whole  cerebro-spinal  axis  might  be  gradually  removed,  without  any 
such  consequence;  which  fact  harmonizes  perfectly  with  the  **  experiments 
prepared  for  us  by  Nature,"  in  the  production  of  monsters  destitute  of 
these  centres,  which  nevertheless  possessed  a  regularly-pulsating  heart. 
It  has  latterly  been  the  fashion  with  many,  however,  to  attribute  the  action 
of  the  heart  to  the  ganglionic  system;  but  of  this  there  is  no  sufficient  evi- 
dence. As  has  already  been  generally  remarked  on  this  subject,  the  posn- 
hility  of  exciting  the  action  of  the  heart  through  the  sympathetic  nerve 
shows  that  this  may  have  an  influence  on  its  movements;  whilst  the  great 
difficulty  with  which  any  evidence  to  this  effect  can  be  procured,  is  in  itself 
a  sufficient  proof,  that  this  influence  cannot  be  nearly  adequate  to  tlie  con* 
staQt  maintenance  of  this  energetic  function.  It  would  appear,  however, 
that  changes  in  the  ganglionic  nerves,  like  strong  impressions  upon  the 
cerebro-spinal  system,  may  have  the  effect  of  impeding  or  even  checking 
the  heart's  action;  for  a  case  has  lately  been  recorded,  in  which  the  move- 
ments were  occasionally  checked  for  an  interval  of  from  4  to  6  beats,  its 
cessation  of  action  giving  rise  to  the  most  fearful  sensations  of  anxiety, 
and  to  acute  pain  passing  up  to  the  head  from  both  sides  of  the  chest, — 
these  symptoms  being  connected,  as  it  proved  on  a  post-mortem  examina- 
tion, with  the  pressure  of  an  enlarged  bronchial  gland  upon  the  great  car- 
diac nerve.*  It  may  be  surmised  that  in  many  cases  of  angina  pectoris, 
in  which  no  lesion  sufficient  to  account  for  death  could  be  discovered,  some 
affection  of  the  cardiac  plexus  might  have  been  traced  on  a  more  careful 
examination.  It  may  be  stated  that  Brachet  has  asserted,  that,  by  section 
of  the  cardiac  ganglion,  he  has  caused  the  movements  of  the  heart  to  be 
suddenly  arrested;  but  this  result  has  not  been  confitmed  by  other  experi- 
menters. 

482.  When  the  heart  is  exposed  in  a  living  animal,  and  its  movements 
are  attentively  watched,  they  are  seen  to  be  of  a  peculiarly  rhythmical 
character,  one  series  following  another  with  great  regularity.  In  an  active 
and  vigorous  state  of  the  circulation,  however,  they  are  so  linked  together 
that  it  is  not  easy  to  distinguish  them  into  periods.  A  case  has  recently 
fallen  under  the  notice  of  Prof.  Cruveilhier,  in  which  the  heart  was  exterior 
to  the  chest,  having  escaped  from  it  by  a  perforation  in  the  superior  part  of 
the  sternum;  and  his  observations  upon  it  may  be  perhaps  regarded  as  more 
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satisractory,  than  such  as  are  made  after  the  very  seTere  opeTatian  required 
for  the  artificial  expoaure  of  the  oigAo;  although  they  are  liable  to  eome 
exception  from  the  very  early  age  of  the  subject  of  them,  which  had  only 
been  bom  nine  hours.  His  conclusiona  will  be  here  adopted:  with  such 
additional  re  mark  a  as  aresuggestedby  the  experimental  reaearchea  of  others, 
who  have  made  this  question  a  subjeci  of  special  attention.  It  is  univer- 
sally admitted  thai  both  auricles  contract  and  also  dilate  simnltaneously;  and 
that  both  ventricles  do  the  same: — also  that  the  contraction  or  systole  of  the 
ventricles  corresponds  with  the  projection  of  blood  into  the  arteries,  causing 
the  pulse;  whilst  the  diastole  or  dilatation  of  the  ventricles  coincides  with 
the  collapse  of  the  arteries.  It  is  further  admitted  that  (he  contraction  of  the 
Tentricles,  and  that  of  the  auricles,  alternate  with  one  another;  each  taking 
place  (for  the  moat  pari,  at  least,)  during  the  dilatation  of  the  other.  Bui  it 
is  a  question  whether  there  is  any  interval  between  them.  In  the  case  just 
alluded  to,  the  contraction  of  the  ventricles  ia  slated  to  have  been  precisely 
synchronous  with  the  dilatation  of  the  auricles,  and  the  dilatation  of  the  ven- 
tricles to  have  been  performed  at  ihe  same  lime  with  Ihe  contraction  of  the 
auricles,  no  period  of  repose  intervening  between  Ihe  two  sets  of  actions. 
It  appears,  however,  from  the  concurrent  testimony  of  numerous  eiperi- 
menters,  that,  whilst  the  contraction  of  the  ventricle  immediately  succeeds 
that  of  Ihe  auricle,  an  interval,  which  is  usually  however  extremely  brief, 
may  elapse  between  ihe  partial  dilatation  of  Ihe  ventricles  and  the  succeeding 
systole  of  the  auricles.  The  ventricular  diastole  may  be  distinguished  into 
two  stages,  of  which  the'iirst  immediately  succeeds  its  systole,  and  manifests 
itself  in  the  recession  of  Ihe  heart's  apex  from  the  front  of  the  chest;  whilst 
(he  second  is  attended  with  an  enlargement  of  the  heart  in  all  its  dimensions, 
and  is  synchronous  with  the  auricular  conlraclion.  It  is  between  these  (wo 
that  the  interval  of  repose  occurs,  where  it  can  be  observed.  The  fallowing 
tabular  view  will,  perhaps,  make  this  account  more  intelligible;  it  is  framed 
in  such  a  manner  as  lo  commence  with  the  auricular  contraction;  but,  when 
considering  the  sounds  of  the  heart,  it  will  be  necessary  to  commence  with 
the  ventricular  systole. 

Auricles.  Ventricles, 

Contraction.  2d  stage  of  dilatation. 

Dilatation.  Contraction. — Pulse. 

1st  stage  of  dilatation. 
Brief  interval  of  Repose. 
Conlraclion.  2d  stage  of  dilatation. 

Dilatation.  Contraction. — Pulse. 

483.  The  duration  of  the  contraction  of  the  ventricles  is,  according  to 
CiDTeilhier,  double  that  of  (heir  dilatation;  and  the  same  holds  good  of  the 
auricles.  In  the  systole  of  the  ventricles,  their  surface  becomes  rugous; 
the  niperficial  veins  swell;  tlie  carnea;  columnar  of  ihe  left  ventricle  are  de- 
lineated; and  the  curved  fibres  of  ihe  conical  termination  of  (he  left  ven- 
tricle, which  alone  constitutes  the  apex  of  the  heart,  become  more  manifest. 
fioring  their  contraction,  the  ventricles  contract  in  every  diameter;  their 
■hortening  is  the  most  sensible  change;  but  this  is  owing  to  the  vertical 
diimeter  being  the  greatest.  The  lower  extremity  of  the  left  ventricle,  or, 
in  other  words,  the  apex  of  the  heart,  describes  a  spiral  movement  from 
right  la  lefl,  and  from  behind  forwards.  It  is  to  this  slow,  gradual,  and  as 
it  were  successive  spiral  contraction,  that  the  forward  movement  of  the  apex 
of  the  iiearl  is  owing,  and  the  consequent  percussion  against  the  thoracic 
parieles.  The  ventricular  systole  is  not  accompanied  by  a  projeclion  of  the 
45 
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entire  heart  forwards  (as  some  have  maintained);  for  it  is  exclusively  the 
spiral  contraction,  which  determines  the  approach  of  the  apex  of  the  heart 
and  the  thoracic  parietes.  The  diastole  of  the  heart,  according  to  Cruveil- 
hier,  has  the  rapidity  and  energy  of  an  active  movement,  triumphing  over 
pressure  exercised  upon  the  organ,  so  that  the  hand  closed  upon  it  is  opened 
with  violence.  This  is  an  observation  of  great  importance;  but  of  the  cause- 
to  which  this  active  dilatation  is  due,  no  definite  account  can  be  given.  It 
may  partly  be  explained,  perhaps,  by  the  elasticity  of  the  tissue  interwoven 
with  muscular  fibre  in  the  substance  of  the  heart;  and  this  may  be  the  cause 
of  the  first  ventricular  dilatation,  the  second  being  produced  by  the  ingress 
of  blood  occasioned  by  the  auricular  systole.  But  the  dilatation  of  the 
auricles  appears  to  be  much  greater  than  can  be  accounted  for  by  any  vU  a 
tergo  (which,  as  will  hereafter  appear,  is  extremely  small  in  the  venoas 
system,)  or  by  the  elasticity  of  its  substance;  for  it  was  observed  in  this 
case  to  be  so  great,  that  the  right  auricle  seemed  ready  to  burst,  so  great 
was  its  distension,  and  so  thin  were  its  walls.  Moreover,  the  large  veins 
near  the  heart  contract  simultaneously  with  the  auricular  systole,  and  not 
with  its  diastole;  so  that  they  can  have  no  influence  in  causing  is  dilatation. 
The  ventricular  diastole  is  accompanied  with  a  projection  of  the  heart  down- 
wards; this  motion  was  at  its  maximum  when  the  child  was  placed  vertically, 
and  was  yery  strongly  marked. 

484.  When  the  ear  is  applied  over  the  cardiac  region,  during  the  natural 
movements  of  the  heart,  two  successive  sounds  are  heard,  each  pair  of  which 
corresponds  with  one  pulsation.     The  whole  interval  between  one  beat  of 
the  heart  and  the  next  may  be  divided  into  four  parts;  of  which  the  two  first 
are  occupied  by  what  is  commonly  known  as  (tiejirst  sound;  the  third,  by 
the  second  sound;  whilst  the  fourth  is  a  period  of  repose.     The  first  sound 
is  dull  and  prolonged;  it  is  evidently  synchronous  with  the  impulse  of  the 
heart  against  the  parietes  of  the  chest,  and  also  with  the  pulse,  as  felt  near 
the  heart;  it  must,  therefore,  be  produced  during  the  ventricular  systole. 
The  second  sound  follows  so  immediately  upon  the  conclusion  of  the  first, 
that  it  can  scarcely  be  imagined  to  take  place  during  the  auricular  systole 
as  some  have  supposed,  but  must  be  assigned  to  the  period  of  the  first  sta^ 
of  the  ventricular  diastole.     This,  indeed,  may  now  be  regarded  as  clearly 
established;  for  it  has  been  fully  demonstrated  that  the  second  sound  is  doe 
to  the  sudden  filling  out  of  the  semi-lunar  valves  of  the  aorta  and  pulmonaiy 
artery  with  blood,  when  the  outward  current  through  them  has  ceased,  and 
the  incipient  dilatation  of  the  ventricles  occasions  a  vacuum  behind  them. 
If  one  of  these  valves  be  hooked  by  a  curved  needle  against  the  side  of  the 
artery,  so  that  a  reflux  of  blood  is  permitted,  the  sound  is  entirely  sop* 
pressed. 

485.  The  first  sound  cannot  be  so  readily  or  satisfactorily  accounted  for* 
That  it  is  partly  due  to  the  impulse  of  the  apex  of  the  heart,  seems  proved 
by  the  fact,  tliat,  when  this  impulse  is  prevented,  the  sound  is  much 
diminished  in  intensity;  and  also  by  the  circumstance,  that,  when  the  ven* 
tricles  contract  with  vigour,  the  greatest  intensity  of  the  sound  is  over  tb0 
point  of  percussion.  But  that  it  is  not  entirely  due  to  this  cause  is  al^ 
evident,  from  the  fact  that  a  sound  may  still  be  heard  when  the  heart  ia  coo* 
tracting  out  of  the  body,  as  in  the  case  observed  by  Prof.  Cruveilhier.  Tbi* 
sound  has  been  attributed  by  some  experimenters,  to  the  flapping-back  o^ 
the  auriculo-ventricular  valves;  by  others  to  the  muscular  contraction  of  tb^ 
walls  of  the  ventricles;  by  others  again  to  the  rush  of  blood  along  the  in^ 
gular  walls  of  the  ventricles,  and  through  the  comparatively  narrow  prifice^ 
of  the  aorta  and  pulmonary  artery.     This  last  is  probably  the  most  cor     ] 
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sistent  with  truth,  as  would  appear  from  the  following  interesting  obser- 
vations made  by  Cruveilhier.  By  applying  the  finger  to  the  origin  of  the 
pulmonary  artery  (which  is  situated  in  front  of  the  aorta  and  completely 
conceals  it),  a  perfectly  distinct  vibratory /rcmmcmcn/,  corresponding  with 
the  ventricular  diastole,  was  perceived;  but  no  such  vibratory  thrill  could 
be  felt  by  the  finger  when  applied  to  any  part  of  the  base  of  the  ventricles; 
whence  it  was  evident  that  no  action  takes  place  in  the  mitral  and  tricuspid 
valves,  that  can  give  rise  to  the  same  palpable  effects  as  those  produced 
by  the  semilunar  valves.  The  same  was  ascertained  regarding  the  valvu- 
lar sound,  which  could  be  distinctly  heard  by  laying  the  finger  against 
the  origin  of  the  pulmonary  artery,  and  applying  the  ear  to  it  as  to  a  stetho- 
scope; whilst  nothing  of  the  kind  could  be  perceived  in  the  region  of  the 
an riculo- ventricular  valves.  Hence  it  seems  quite  certain  that  the  natural 
first  sound  cannot  be  dependent  in  any  way  upon  the  action  of  the  latter. 
It  appeared,  on  the  contrary,  that  the  maximum  intensity  of  the  first  sound 
was  in  precisely  the  same  situation  as  the  maximum  intensity  of  the  second, 
— namely,  at  the  origin  of  the  large  arteries;  and  that  it  diminished  as  the 
ear  was  carried  from  the  base  towards  the  apex  of  the  heart.  Moreover, 
the  first  sound  was  observed  to  be  of  exactly  the  same  character  with  the 
second  (the  complicating  efiect  of  the  impulse  being  here  withdrawn), 
except  as  to  its  intensity  which  was  less,  and  its  duration  which  was  greater. 

486.  Hence,  although  these  observations  do  not  entitle  us  to  deny  the 
participation  of  the  muscular  contraction,  and  of  the  movement  of  the  blood 
over  the  ventricular  walls,  in  the  production  of  the  first  sound,  they  clearly 
establish  that  the  principal  cause  of  it  exists  at  the  entrances  to  the  arterial 
trunks;  and  it  does  not  seem  that  any  other  reason  can  be  assigned  for  it, 
than  the  prolonged  rush  of  blood  through  their  orifices,  and  the  throwing- 
back  of  the  semilunar  valves,  which,  in  suddenly  fiapping-down  again, 
produce  the  second  sound.  That  an  exaggeration  of  the  first  sound,  not 
essentially  difiering  from  it  in  character,  is  often  produced  by  disease  of  the 
sigmoid  valves,  which  causes  an  obstruction  of  their  orifice,  has  long  been 
known;  and  in  such  cases  the  character  of  the  second  sound  is  also  changed. 
Indeed  M.  Cruveilhier  states  it  as  in  his  opinion  an  uniform  occurrence, 
that  disease  of  the  semilunar  valves  alters  both  sounds.  When  this  disease 
is  such  as  to  prevent  the  valves  from  efifectually  closing,  a  reflux  of  blood 
takes  place  into  the  ventricle  at  the  time  of  its  diastole,  causing  a  rushing 
sound,  more  or  less  prolonged,  to  be  heard  in  the  intervals  of  the  pulse, 
instead  of  with  it.  These  considerations  appear  to  prove  almost  incon- 
testably,  that  the  cause  of  the  first  sound,  and  that  of  the  second,  are  very 
closely  allied;  and  this  view,  which  if  correct  is  of  great  importance  in  the 
explanation  of  numerous  morbid  phenomena,  harmonizes  well  with  the 
known  effect  of  a  slight  obstruction  in  a  tube  through  which  fluid  is  being 
rapidly  forced,  in  producing  a  prolonged  sound  very  analogous  to  the  first 
sound  of  the  heart.  The  following  table  may  assist  the  learner  in  connecting 
the  sounds  of  the  heart  with  its  movements. 

First  Sound.        Ventricular  systole  and  auricular  diastole.     Impulse  of 

apex  against  parieties  of  chest.     Pulsation  in  arteries. 

Second  Sound.     First  stage  of  ventricular  diastole. 

Interval.  Short  repose;  then  auricular  systole,  and  second  stage  of 

ventricular  diastole. 

487.  The  course  of  the  circulating  fluid  through  the  Heart,  and  the  action 
of  its  different  valves,  will  now  be  briefly  described.  The  venous  blood 
which  is  returned  by  the  ascending  and  descending  vena  cava,  enters  the 
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right  auricle  daring  its  diastole;  and,  when  it  contracts,  is  forced  between 
the  mitral  valves  into  the  ventricle.  The  reflux  of  blood  into  the  veins, 
during  the  auricular  systole,  is  prevented  by  the  valves  with  which  they 
are  furnished;  but  these  valves  are  so  formed  as  not  to  close  accurately, 
especially  when  the  tubes  are  distended,  so  that  a  small  amount  of  reflux 
usually  takes  place,  and  this  is  much  increased  when  there  is  any  obstruc<» 
tion  to  the  pulmonary  circulation.  Whilst  the  right  ventricle  is  contracting 
upon  the  blood  that  has  entered  it,  the  carnes  columnae,  which  contract 
simultaneously  with  its  proper  walls,  put  the  chordae  tendineae  upon  the 
stretch;  and  these  draw  the  flaps  of  the  tricuspid  valve  into  the  auriculo- 
ventricular  axis.  The  blood  then  getting  behind  them,  and  being  compressed 
by  the  contraction  of  the  ventricle,  forces  the  flaps  together  in  such  a  manner 
as  to  close  the  orifice;  but  they  do  not  fall  suddenly  against  each  other,  as 
is  the  case  with  the  semilunar  valves,  since  they  are  restrained  by  the 
chordae  tendineae;  whence  it  is  that  no  sound  is  produced  by  their  closure. 
The  blood  is  expelled  by  the  ventricular  systole  into  the  pulmonary  artery, 
which  it  distends,  passing  freely  through  the  semilunar  valves;  but  as  soon 
as  the  vis  a  tergo  ceases,  and  reflux  might  take  place  by  the  contraction 
of  the  arterial  walls,  the  valves  are  filled  out  by  the  backward  tendency  of 
the  blood,  and  completely  check  the  return  of  any  portion  of  it  into  the 
ventricle.  The  blood,  after  having  circulated  through  tlie  lungs,  returns  as 
arterial  blood,  by  the  pulmonary  veins,  to  the  left  auricle;  whence  it  passes 
into  the  left  ventricle,  and  thence  into  the  aorta,  in  the  same  manner  with 
that  on  the  other  side,  as  just  described. 

488.  There  are,  however,  some  important  diflerences  in  the  structure 
and  functional  actions  of  the  two  divisions  of  the  heart,  which  should  be 
here  adverted  to.  The  walls  of  the  left  ventricle  are  considerably  thicker 
than  those  of  the  right;  and  its  force  of  contraction  is  much  greater.  The 
following  are  the  comparative  results  of  M.  Bizot*s  recent  measurements, 
taking  &e  average  of  males  from  16  to  89  years.     In  the  female,  the 

Base.  Middle.  Apex. 

Left  Ventricle  4^  lines  5J  lines  4J  lines 

Right  Ventricle  l|f  lines  l|  lines  1 J^  lines 

average  thickness  is  somewhat  less.     It  will  be  seen  that  the  point  of 
greatest  thickness  in  the  left  ventricle  is  near  its  middle,  while  in  the  right 
it  is  nearer  the  base.     The  thickness  of  the  former  goes  on  increasing 
during  all  periods  of  life,  from  youth  to  advanced  age,  whilst  that  of  the 
right  is  nearly  stationary.     The  left  auricle  is  somewhat  thicker  than  the 
right;  the  average  thickness  of  the  former  being,  according  to  Bouillaud, 
a  line  and  a  half,  whilst  that  of  the  latter  is  only  a  line.     In  regard  to  the 
relative  capacities  of  the  right  and  left  cavities,  much  diflerence  of  opinion 
has  prevailed.     The  right  auricle  is  generally  allowed  to  be  more  capacious 
than  the  left;  and  the  same  is  commonly  taught  of  the  right  ventricle.    So 
much  fallacy  may  arise,  however,  from  the  peculiar  condition  of  the  aniroJ 
at  the  moment  of  death,  that  this  is  not  easily  proved,  and  is  indeed  by  no 
means  certain.     Many  eminent  anatomists  maintain  that  the  two  cavities 
are  equal.     The  capacity  of  each  of  the  cavities  may  be  estimated  in  the 
full-sized  heart,  at  about  two  ounces;  that  of  the  auricles  being  probably  ^ 
little  less,  and  that  of  the  ventricles  a  little  greater.     That  ihe  ventricles 
receive  more  blood  from  the  auricles  than  the  latter  could  transmit  to  them 
by  once  emptying  themselves,  seems  therefore  probable;  and  may  be  ac- 
counted for  by  the  fact  already  stated,  regarding  the  slight  intermission  in 
the  ventricular  diastole,  during  which  more  blood  may  enter  the  auricle 
from  the  veins. 
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489.  There  is  a  well-known  anatomical  difference  between  the  auriculo- 
venlricular  valves  on  the  two  sides,  which  has  given  rise  to  the  diversity 
of  name.  This  seems,  from  the  researches  of  Mr.  King,*  to  be  connected 
with  an  important  functional  difference.  The  mitral  valve  closes  much 
more  perfectly  than  the  tricuspid;  and  the  latter  is  so  constructed,  as  to 
allow  of  considerable  reflux,  when  the  cavities  are  greatly  distended. 
Many  occasional  causes  tend  to  produce  an  accumulation  of  blood  in  the 
venous  system,  and  in  the  left  side  of  the  heart;  thus,  any  obstruction  to 
the  pulmonary  circulation,  cold,  compression  of  the  venous  system  by 
muscular  action,  &c.,  are  known  to  favour  such  a  condition.  This  is  a 
state  of  peculiar  danger,  from  the  liability  which  over-distension  of  the 
ventricular  cavity  has  to  produce  a  state  of  muscular  paralysis;  and  in  the 
structure  of  the  heart  itself  there  seems  to  be  a  provision  against  it.  For, 
when  the  ventricle  is  thus  distended,  the  tricuspid  valves  do  not  close  pro- 
perly, and  a  reflux  of  blood  is  permitted;  not  only  into  the  auricle,  but  also 
(through  the  imperfect  closure  of  their  valves  under  the  same  circumstances) 
into  the  large  veins.  This  is  proved  by  the  fact,  several  times  observed 
by  Dr.  J.  Reid  in  his  experiments  upon  Asphyxia,  &c.,  that  when  the 
action  of  the  right  ventricle  had  ceased  from  over-distension,  he  could  fre- 
quently re-excite  it,  not  merely  by  puncturing  its  walls,  but  by  making  an 
opening  in  the  jugular  vein.  This  fact  evidently  affords  an  indication  of 
great  importance  in  the  treatment  of  Asphyxia;  and  it  explains  the  reflux 
of  blood,  or  venous  pulse,  which  is  frequently  observed  in  cases  of  pulmo- 
nary disease,  and  which,  according  to  Mr.  King,  always  exists  in  a  less 
striking  degree. 

490.  It  is  not  quite  certain  whether  the  ventricles  empty  themselves 
completely  at  each  contraction;  but  it  seems  probable  that  the  blood  which 
they  contain  is  not  entirely  forced  into  the  arteries.     The  quantity  which 
is  propelled  by  each  ventricle,  at  every  stroke,  may  be  estimated,  therefore, 
at  from  li  oz.  to  2  oz.     If  we  adopt  the  lower  of  these  numbers,  we  shall 
find  that,  reckoning  75  pulsations  of  the  heart  to  a  minute,  1 12  oz.  or  7  lbs. 
of  blood  pass  through  each  ventricle  in  that  time;  and,  on  the  higher  one, 
150  oz.  or  9  lbs.  6  oz.  would  pass  through  in  the  same  period.     Now  the 
whole  quantity  of  blood  contained  in  the  human  body,  according  to  the 
estimate  of  Haller,  (which  is  considered  by  Dr.  Allen  Thomson  to  be  near 
the  truth,)  is  about  one-fifth  of  the  weight  of  the  body,  or  28  lbs.  in  a  person 
weighing  140  Ibs.t    This  quantity  would  pass  through  the  heart,  therefore, 
in  four  minutes,  on  the  lower  of  the  two  preceding  estimates,  or  in  three 
minutes  on  the  higher;  and  would  circulate  afresh,  therefore,  fifteen  or 
twenty  times  in  an  hour.     It  would  appear,  however,  that  this  estimate  of 
the  rapidity  of  the  circulation  is  very  far  from  the  tnith;  for  recent  experi- 
ments have  shown  that  substances  introduced  into  the  venous  circulation 
may  be  detected  in  the  remotest  parts  of  the  arterial  circulation,  even  in 
animals  larger  than  Man,  in  less  than  half  a  minute.     The  earliest  of  such 
experiments  were  those  of  Hering,|  who  endeavoured  to  ascertain  the  rapi- 
dity of  the  circulation,  by  introducing  prussiate  of  potash  into  one  part  of 
the  system,  and  drawing  blood  from  another.     He  states  that  he  detected 
this  salt  in  blood  drawn  from  one  of  the  jugular  veins  of  the  horse,  within 
20  or  30  seconds  after  it  had  been  introduced  into  the  other;  in  which  brief 
space  the  blood  must  have  been  received  by  the  heart,  must  have  been 

♦  Guy*s  Hospital  Reports,  Vol.  ii. 

t  Cyclopaedia  of  Anatomy,  Art.  Circulation.    See  also  §  581. 

t  Tiedemann's  Zeitschrift,  Vol.  iii.  p.  85. 
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transmitted  through  the  lungs,  have  returned  to  the  heart  again,  have  been 
sent  through  the  carotid  artery,  and  have  traversed  its  capillaries.  From 
experiments  of  a  similar  nature  upon  other  veins,  he  states  that  the  salt 
passed  from  the  jugular  vein  into  the  saphena  in  20  seconds;  into  the  mas- 
seteric artery  in  from  15  to  20  seconds;  into  the  external  maxillary  artery 
in  from  10  to  25  seconds;  and  into  the  metatarsal  artery  in  from  20 
to  40  seconds.  An  attempt  has  been  made  to  invalidate  the  inference 
which  seems  inevitably  to  flow  from  these  experiments,  in  regard  to 
the  rate  of  the  circulation,  by  attributing  the  transmission  of  the  salt  to 
the  permeability  of  the  animal  tissues;*  but  it  has  never  been  shown  that 
even  prussiate  of  potash  (which  is  probably  more  transmissible  through 
this  channel  than  is  any  other  salt)  can  be  carried  from  one  part  to  another 
with  a  rapidity  at  all  proportional  to  this.  The  only  mode  in  which  this 
property  can  be  conceived  materially  to  facilitate  the  transmission  of  the 
salt  through  the  vascular  system,  would  be  by  allowing;  it  to  pass  through 
the  septum  of  the  auricles,  and  thus  to  make  its  way  irom  the  right  to  the 
left  side  of  the  heart,  without  passing  through  the  pulmonary  circulation; 
and  this  it  could  scarcely  do,  to  the  large  amount  which  is  evidently  trans* 
mitted,  in  so  short  a  time. 

491.  The  experiments  of  Hering  have  recently  been  fully  confirmed  by 
those  of  Mr.  Blake;t  who  varied  them  by  employing  different  substances, 
and  took  other  precautions  against  sources  of  fallacy.     Ten  seconds  after 
having  injected  a  solution  of  nitrate  of  baryta  into  the  jugular  vein  of  a 
horse,  he  drew  blood  from  the  carotid  artery  of  the  opposite  side;  after 
allowing  this  to  flow  for  five  seconds,  he  substituted  another  vessel^  which 
received  the  blood  that  flowed  during  the  dve  ensuing  seconds;  and  the 
blood  that  flowed  after  the  twentieth  second,  by  which  time  the  action  of 
the  heart  had  stopped,  was  received  into  a  third  vessel.     These  diflereat 
specimens  were  carefully  analyzed.     No  trace  of  baryta  could  be  detected 
in  the  blood  which  had  escaped  from  the  artery  between  the  tenth  and 
fifteenth  second  after  the  injection  of  the  poison;  but  in  that  which  ws* 
drawn  between  the  fifteenth  and  the  twentieth  second,  the  salt  was  fonod 
to  be  present,  and  in  greater  abundance  than  in  the  blood  which  had  sab* 
sequently  flowed.     Moreover,  the  coincidence  between  the  cessation  of  the 
heart's  action,  and  the  diffusion  of  the  salt  through  the  arterial  blood,  bear 
a  striking  correspondence;  and  it  may  be  hence  inferred,  that  the  arieet- 
ment  of  its  muscular  movement  is  due  to  the  efllect  of  this  agent  upon  its 
tissue,  when  immediately  operating  upon  it,  through  the  capillaries  of  the 
coronary  artery.     This  conclusion  is  borne  out  by  a  variety  of  other  exp^ 
riments,  which  show  that  the  time  of  the  agency  of  other  poisons  that  sod* 
denly  check  the  heart's  action  (which  is  the  especial  property  of  minerd 
poisons)  nearly  coincides,  in  diflerent  animals,  with  that  which  is  required 
to  convey  them  into  the  arterial  capillaries.     And  it  seems  to  derive  ful^ 
confirmation  from  the  fact,  that  poisons  which  act  locally  on  other  partSi 
give  the  first  indications  of  their  operation  in  the  same  period  after  tbef 
have  been  introduced  into  the  venous  circulation.     Thus,  in  the  Horse,  tb6 
time  that  is  required  for  the  blood  to  pass  from  the  jugular  vein  into  ^ 
capillary  terminations  of  the  coronary  arteries  is  16  seconds,  as  is  shown 
by  the  power  of  nitrate  of  potass  to  arrest  the  heart's  action  within  tb»t 
time;  and  nitrate  of  strychnia,  injected  into  a  vein,  gave  the  first  manifests* 
tion  of  its  action  on  the  spinal  cord  in  precisely  the  same  number  of  seconds* 

♦  See  Dr.  Allen  Thomson,  ice.  cU. 

t  Edinb.  Med.  and  Surg.  Joamal,  Oct  1841. 
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In  the  Dog,  the  heart's  action  was  arrested  by  the  nitrate  of  potass  in  1 1  or 
12  seconds;  and  the  tetanic  convulsions  occasioned  by  strychnia  also  com- 
menced in  12  seconds.  In  the  Fowl,  the  former  period  was  6  seconds,  and 
the  latter  63;  in  the  Rabbit,  the  first  was  4,  and  the  other  4^  seconds.  From 
these  experiments  it  seems  difficult  to  resist  the  conclusion,  that  the  rapidity 
of  the  circulation  is  very  much  underrated  in  any  estimate  that  we  found 
upon  the  capacity  of  the  heart,  and  its  number  of  pulsations  in  a  given  time; 
and  that  some  other  force  than  its  contractions  must  have  a  share  in  pro- 
ducing the  movement  of  the  blood  through  the  vessels. 

492.  The  force  with  which  the  Heart  propels  the  blood  may  be  estimated 
in  two  ways,— -either  by  ascertaining  the  height  of  the  column  of  that 
fluid,  which  its  contractile  action  will  support,  or  by  causing  the  blood  to 
act  opoQ  a  shorter  column  of  mercury.  The  former  method  was  the  one 
adopted  by  Hales,  who  introduced  a  long  pipe  into  the  carotid  artery  of  a 
horse,  and  found  that  the  blood  would  sometimes  rise  in  it  to  the  height 
of  10  feet.  From  parallel  experiments  upon  sheep,  oxen,  dogs,  and  other 
animals,  and  by  comparing  the  calibre  of  their  respective  vessels  with  that 
of  the  Human  aorta,  Hales  concluded  that  the  usual  force  of  the  heart  in 
Man  would  sustain  a  column  of  blood  7i  feet  high,  the  weight  of  which 
would  be  about  4  lbs.  6  oz.  The  second  method  is  that  more  recently 
adopted  by  Poisseuille;  and  the  instrument  which  he  contrived  for  carry- 
ing it  into  practice  (termed  by  him  the  Hsemadynamometer)  has  been  the 
meana  of  aiding  many  valuable  inquiries  on  the  physiology  of  the  circula- 
tion. The  result  of  his  experiments  is  very  nearly  the  same  as  that  of 
Halea;  hia  estimate  of  the  force  with  which  the  blood  is  propelled  into  the 
aorta  being  4  lbs.  3  oz.  The  backward  pressure  upon  the  walls  of  the  heart, 
or  in  other  words  the  force  which  they  have  to  overcome  in  propelling  the 
blood,  ia  properly  estimated,  by  multiplying  the  pressure  of  blood  in  the 
aorta,  into  the  surface  of  a  plane  passing  through  the  base  and  apex  of  the 
left  Tentricle;  by  which  calculation  it  is  found  to  be  about  13  lbs.*  The 
preaanre  appears,  from  the  experiments  of  Poisseuille,  to  be  very  nearly 
equal  for  equal  surfaces,  throughout  the  larger  arterial  branches,  since  it 
diminishes  regularly  in  proportion  to  their  calibre;  in  the  radial  artery  at 
the  wrist  it  was  estimated  by  him  at  4  drachms. 

493.  The  number  of  contractions  of  the  Heart  in  a  given  time  is  liable 
to  great  variation,  within  the  limits  of  ordinary  health,  from  several  causes; 
the  chief  of  these  are,  diversities  of  age,  of  sex,  of  muscular  exertion,  of 
the  condition  of  the  mind,  of  the  state  of  the  digestive  system,  and  of  the 
period  of  the  day.  Putting  aside  the  other  causes  of  uncertainly,  the  fol- 
lowing table  may  be  regarded  as  an  approximation  to  the  average  frequency 
of  the  polae,  at  the  several  ages  specified  in  it. 

Beats  per  minuU, 

In  the  foetus  in  utero  -  -  140  —  150 

Newly-born  infant       -  .  -  )30  —  140 

During  the  first  year  -  -  115  —  130 

During  the  second  year  -  -  100  —  115 

During  the  third  year  -  -  90  —  100 

About  the  seventh  year  -  -  85—90 

Age  of  puberty           -  -  -  80  —    85 

Manhood                     -  -  -  70 —    80 

Old  age                        -  -  -  50—65 

*  The  extreme  latitude  of  the  estimates  which  have  been  made  of  this  force,  has 
^Q  a  sabject  of  not  undeserved  ridicule.  Borelli  imagined  it  to  be  180,000  lbs; 
whilst  by  Keiil  it  was  supposed  to  be  no  more  th&n  from  5  to  8  ounces. 
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The  difference  caused  by  sex  is  very  considerable,  especially  at  adult  age; 
it  appears  from  the  inquiries  of  Dr.  Guy,*  that  the  pulse  of  the  adult 
female  exceeds  in  frequency  the  pulse  of  the  adult  male  at  the  same  mean 
age,  by  from  10  to  14  beats  in  a  minute.     The  effect  of  muscular  exertion 
in  raising  the  pulse  is  well  known;  as  is  also  the  fact,  which  is  one  exem- 
plification of  it,  that  the  pulse  varies  considerably  with  the  posture  of  the 
body.     The  amount  of  this  variation  ha»  been  made  the  subject  of  exten- 
sive inquiry  by  Dr.  Guy;  and  the  following  are  his  results.     In  100  healthy 
males,  of  the  mean  age  of  27  years,  in  a  state  of  rest,  the  average  frequency 
of  the  pulse  was,  when  standing,  79, — when  sitting,  70, — and  when  lying, 
67  per  minute.     Several  exceptions  occurred,  however,  to  the  general  law; 
and  when   these  were  excluded,  the  average   numbers  were, — standing, 
81, — sitting,  71, — and  lying,  66;  so  that  the  difference  between  standing 
and  sitting  was  10  beats,  or  i  of  the  whole;  the  diflference  between  sitting 
and  lying  was  5  beats  or  y^th  of  the  whole;  and  the  difference  between 
standing  and  lying  was  15  beats,  or  Uh  of  the  whole.  In  50  healthy  females, 
of  the  same  mean  age,  the  average  pulse  when  standing  was  89,— when 
sitting,  81, — and  when  lying  80.     When  the  exceptions  (which  were  more 
numerous  in  proportion  than  in  males)  were  excluded,  the  averages  were, 
— standing,  91, — sitting,  84, — lying,  79;  the  difference  between  standing 
and  sitting  was  thus  7  beats,  or  y^jth  of  the  whole;  that  between  sitting  and 
lying  was  4,  or  ^^ySt  of  the  whole;  and  that  between  standing  and  lying 
was  11,  or  ith  of  the  whole.     In  both  sexes  the  effect  produced  by  change 
of  posture  increases  with  the  usual  frequency  of  the  pulse;  whilst  the  ex- 
ceptions to  the  general  rule  are  more  numerous  as  the  pulse  is  less  frequent 
The  variation  is  temporarily  increased  by  the  muscular  effort  involved  in 
the  absolute  change  of  the  posture;  and  it  is  only  by  the  use  of  a  revolriog 
board,  by  which  the  position  of  the  body  can  be  altered  without  any  exc^ 
tion  on  the  part  of  the  subject  of  the  observation,  that  correct  results  can 
be  obtained.     That  the  difference  between  standing  and  sitting  should  be 
greater  than  that  between  sitting  and  lying,  is  just  what  we  should  expect, 
when  we  compare  the  amount  of  muscular  effort  required  in  the  mainte- 
nance of  the  two  former  positions  respectively. 

494.  The  pulse  is  well  known  to  be  much  accelerated  by  mental  excite- 
ment, especially  by  that  of  the  emotions;  it  is  also  quicker  during  digestion; 
but  on  neither  of  these  points  can  any  exact  numerical  statement  be  given. 
The  diurnal  variation  of  the  pulse,  however,  has  been  made  the  subject  of 
observation  by  Dr.  Guy;t  and,  as  the  results  of  his  inquiries  have  much 
interest,  although  (from  having  been  made  only  on  his  own  person)  thef 
may  ultimately  require  some  modification,  they  will  be  here  stated.  '*!• 
The  pulse  of  a  healthy  male  in  a  state  of  rest,  unexcited  either  by  food  or 
exercise,  is  most  frequent  in  the  morning,  and  gradually  diminishes  as  the 
day  advances.  2.  'i'he  pulse  diminishes  in  frequency  more  rapidly  in  th« 
evening  than  in  the  morning,  3.  The  diminution  in  the  frequency  of  ih* 
pulse  (after  excitement)  is  more  regular  and  progressive  in  the  evening  thtf 
in  the  morning.  4,  The  effect  of  food  is  greater  and  more  lasting  in  the 
morning  than  in  the  evening;  and  in  some  instances,  the  same  food  vhieh 
in  the  morning  produces  an  effect  considerable  both  in  amount  and  daratiofli 
has  no  effect  whatever  in  the  evening."  It  may  be  hoped  that,  ere  long* 
tliis  interesting  and  important  subject  will  receive  further  elucidation. 

*  Guy's  Hospital  Reports,  Vol.  iii.  p.  312. 
1  Op.  oil.  Vol.  IV.  p.  69. 
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Causes  influencing  the  Circulation  in  the  Arteries  and  Capillaries. 

495.  That  the  movement  of  the  Mood  through  the  arterial  trunks  and 
the  capillary  tubes  is,  in  Man  and  in  other  warm-blooded  animals,  chiefly 
dependent  upon  the  action  of  the  heart,  there  can  be  no  doubt  whatever. 
It  can  be  easily  shown  by  experiment  that,  if  the  arterial  current  be  checked, 
the  capillaries  will  immediately  cease  almost  entirely  to  deliver  the  blood 
into  the  veins,  and  the  venous  circulation  will  be  instantaneously  arrested. 
But  there  are  certain  **  residual  phenomena"  even  in  Man,  which  clearly 
indicate  that  this  is  not  the  whole  truth;  and  that  the  blood-vessels  have  a 
considerable  influence  in  producing  both  local  and  general  modifications  of 
the  effects  of  the  heart's  action.  There  are  also  indications  of  the  existence 
of  an  influence,  in  which  the  blood-vessels  do  not  partake,  arising  from 
those  changes  occurring  between  the  blood  and  the  tissues,  that  constitute 
the  processes  of  nutrition,  secretion,  &c.  Such,  for  instance,  would  ap- 
pear to  be  the  interpretation  of  the  fact  that,  whilst  any  variations  in  the 
action  of  the  heart  affect  the  whole  system  alike,  there  are  many  variations 
in  the  cireolation,  which,  being  quite  local  in  their  extent,  cannot  be  attri- 
buted to  such  central  disturbances,  and  must  therefore  be  dependent  on 
causes  purely  local.  Of  the  nature  of  these  influences,  and  of  the  mode  of 
their  operation,  we  shall  probably  arrive  at  a  more  correct  knowledge  if  we 
examine  the  phenomena  of  the  circulation  in  those  beings  in  which  the 
moving  power  is  less  concentrated  than  it  is  in  the  higher  Animals;  for  just 
as  we  find  in  the  latter  that  the  development  of  special  absorbent  vessels 
does  not  exclude  the  function  of  absorption  from  being  still  performed  by 
the  general  vascular  system  (§  459),  so  may  we  here  be  led  to  perceive, 
that  there  is  a  generally-diflused  force,  to  which  alone  the  circulation  of  the 
nutritious  fluid  in  the  lowest  organisms  is  due,  and  which  is  not  altogether 
replaced  by  the  special  organ  of  impulsion  developed  in  the  centre  of  the 
system  in  the  higher. 

496.  The  ascent  of  the  sap  in  Vegetables  is  probably  to  be  regarded  as 
due  in  part  to  the  vis  a  tergo  occasioned  by  the  action  of  Endosmose  at  the 
roots;  and  in  part  to  the  demand  for  fluid  occasioned  by  the  vital  processes 
taking  place  in  the  leaves.  For,  if  the  stem  of  a  vine,  in  which  the  sap  is 
rising,  be  cut  across,  the  sap  will  continue  for  some  time  to  flow  from  the 
top  of  the  lower  portion;  and  its  force  of  ascent  may  be  shown  to  be  very 
considerable,  by  tying  over  the  cut  surface  a  piece  of  bladder,  which  will 
be  speedily  burst, — or  by  affixing  to  it  a  bent  tube,  containing  a  column  of 
mercury,  which  will  be  raised  to  the  height  of  forty  inches  or  more.  On 
the  other  hand,  the  attractive  force  of  the  leaves  is  shown  by  the  fact,  that, 
if  the  lower  end  of  the  upper  division  be  put  into  water,  it  will  continue  to 
absorb,  as  long  as  the  vital  actions  of  the  leaves  are  being  performed  with 
vigour;  but,  if  the  branch  be  carried  into  a  dark  room,  the  exhalation  from 
the  leaves  is  immediately  checked,  and  absorption  is  checked  also.  The 
influence  of  the  actions  at  the  periphery  of  the  circulating  system  in  main- 
taining the  flow  of  fluid  towards  the  part,  is  further  shown  by  the  fact,  that, 
if  a  shoot  of  an  evergreen  species  be  grafted  on  a  stock  of  one  with  deci- 
duous leaves,  a  continual  and  unwonted  ascent  of  sap  will  be  kept  up  in  the 
latter  through  the  winter;  this  being  evidently  due  to  the  demand  occasioned 
at  its  summit.  Again,  the  recommencement  of  the  annual  flow  of  sap  in 
an  ordinary  tree,  has  been  found  to  take  place  in  the  first  instance,  not  at  its 
roots,  but  in  the  neighbourhood  of  the  buds;  for  their  expansion,  under  the 
influence  of  the  returning  warmth,  exhausts  the  fluid  from  the  vessels  of 
their  neighbourhood;  this,  again,  occasions  a  demand  from  below:  and  thus 
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the  motion  is  gradually  propagated  to  the  roots.  Now  it  has  been  experi- 
mentally ascertained  that,  if  a  branch  of  a  vine  growing  in  the  open  air  be 
trained  into  a  hot-house,  it  may  be  made  to  vegetate  during  the  winter,  and 
to  draw  up  fluid  through  the  stems  and  roots  whose  condition  has  not  been 
changed.  It  is  evident,  then,  that  in  Plants  the  demand  for  fluid  in  the 
organs  to  which  it  is  distributed  by  the  vascular  system,  is  one  of  the  chief 
forces  by  which  the  supply  is  obtained. 

497.  This  is  still  more  evidently  the  case  in  regard  to  the  circulation  of 
nutritious  or  elaborated  sap,  which  takes  place  in  the  under  surface  of  the 
leaves  and  in  the  bark.     The  object  of  this  movement  is  not  to  convey  the 
fluid  in  a  direct  line  from  one  point  to  another  (as  is  the  case  with  the  as- 
cending current)  but  to  supply  every  part  with  materials  for  its  growth,  or 
for  the  production  of  its  peculiar  secretions.     Hence  the  vessels  in  which 
it  takes  place  form  a  minutely-anastomosing  network;  instead  of  consisting 
of  a  system  of  straight  and  distinct  tubes.     Through  this  network,  the 
latex  or  elaborated  sap  is  seen  to  move,  exactly  as  does  the  blood  through 
the  capillary  vessels  of  animals.    The  movement  takes  place,  under  favou^ 
able  circumstances,  with  considerable  rapidity;  it  is  accelerated  by  heat, 
and  retarded  by  cold;  and  it  is  subject  to  all  those  minor  irregularities  (such 
as  the  cessation  of  movement,  or  change  in  the  direction  of  the  current, 
in  a  particular  channel),  which  are  so  constantly  to  be  noticed  by  any  one 
who  attentively  watches  the  capillary  circulation  of  animals,  and  which 
clearly  prove  the  operation  of  some  causes  independent  of  the  heart's  action. 
The  general  direction  of  the  elaborated  sap,  through  this  capillary  system, 
is  downwards;  but  tliat  the  force  of  gravity  cannot  have  much  to  do  with 
the  movement,  is  shown  by  the  fact  that,  in  a  dependent  branch,  it  hai 
to  ascend  towards  the  stem,  which  it  will  do  without  interruption  from  tbii 
cause. 

498.  In  the  lowest  Animals,  the  movement  of  the  circulating  fluid  seemi 
as  independent  of  any  central  organ  of  impulsion,  as  it  has  been  shown  to 
be  in  Plants.  Thus  in  the  living  Sponge,  a  current  of  water  is  continually 
flowing  through  the  tubes  and  channels  by  which  its  substance  is  travenedi 
the  fluid  being  taken  in  by  the  small  orifices,  and  ejected  in  powerfbl 
streams  from  the  large  ones;  and  yet  the  most  attentive  examination  hu 
not  revealed  any  mechanical  cause  for  this  movement.  In  some  of  the 
compound  Polypifera,  a  similar  current  may  be  seen;  and  it  is  curious  thalt 
in  many  species,  its  direction  undergoes  a  periodical  change,  being  revened 
at  intervals  of  a  certain  number  of  seconds.  In  the  Star-Fish  and  Setr 
Urchin  tribe,  a  complex  circulation  of  blood  takes  place,  through  regular 
vessels;  and  here  we  find  some  indication  of  a  contractile  cavity,  by  the 
power  of  which  it  may  be,  in  some  degree,  kept  up;  but  its  feeble  pulsatiooi 
can  scarcely  be  regarded  as  having  any  great  share  in  the  movement  of  th0 
fluid  which  passes  through  it.  In  the  Articulated  series  there  is,  with  > 
few  exceptions,  an  absence  of  any  central  organ  of  impulsion,  possessed  « 
power  sufficient  to  carry  the  blood  through  the  vascular  system  by  its  ooD- 
tractions  alone.  In  many  of  the  aquatic  worms  and  larvae,  the  movens^^ 
of  the  blood,  and  the  pulsations  of  the  dorsal  vessel,  may  be  distinctly  seeOf 
and  the  thinness  of  the  walls  of  the  latter,  and  the  character  of  its  move* 
ments,  seem  clearly  to  show,  that  these  can  scarcely  be  regarded  as  propo^ 
sive,  but  that  they  merely  result  from  the  variations  in  the  current  whid* 
passes  through  it, — the  sides  flapping  together  when  there  is  an  oulwari 
flow,  and  bulging  out  when  there  is  an  influx.  It  is  in  those  Articulata,  in 
which  there  is  a  provision  for  respiration  throughout  the  whole  structure,  ^ 
is  especially  the  case  in  Insects,  that  the  absence  of  any  central  impulsite 
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power  is  most  remarkable.  In  the  Crustacea,  as  in  the  Mollusca  in  gene- 
ral, the  respiration  is  aquatic,  and  is  restricted  to  a  particular  organ;  and  in 
these,  the  heart  is  found  to  be  more  muscular,  and  the  circulation  to  be  more 
under  its  control,  than  in  the  rest  of  the  group.  It  is  curious  to  remark, 
however,  that,  in  some  of  the  lower  Mollusca,  which  exhibit  a  tendency  to 
aggregation  into  compound  structures,  like  those  of  the  Polypifera,  there  is 
the  same  want  of  definiteness  in  the  course  of  the  circulation,  as  has  been 
just  stated  to  exist  in  the  latter  group, — the  flow  of  blood  through  their  com- 
plex apparatus  of  nutritive  organs  being  arrested  at  regular  intervals,  and 
then  recommencing  in  the  reverse  direction. 

499.  Even  in  Vertebrated  animals,  we  find  indications  of  the  same  defi- 
ciency of  central  power  over  the  peripheral  circulation.  When  we  look  at 
the  simple,  thin- walled  heart  of  Fishes,  for  example,  it  seems  impossible 
that  it  should  have  much  power  over  the  current  of  blood  flowing  back  to  it 
by  the  veins;  for  of  this  blood,  a  considerable  portion  has  to  pass  through 
three  bjIs  of  capillaries,  between  its  ejection  from  the  heart,  and  its  return 
to  it.  It  is  first  transmitted  through  the  respiratory  capillaries,  for  the  pur- 
pose of  aeration;  the  confluent  vessels,  which  collect  the  blood  from  these, 
terminate  m  the  general  systemic  trunk  or  aorta,  in  which,  as  in  the  veins 
of  man,  there  is  an  absence  of  pulsation,  and  by  these  it  is  distributed  to  the 
systemic  capillaries;  and  the  blood  which,  after  passing  through  these,  re- 
turns from  the  posterior  part  of  the  body,  and  from  the  viscera,  passes 
through  another  set  of  capillaries,  those  of  the  liver  and  kidneys,  before  it 
returns  to  the  heart.  Even  in  the  warm-blooded  Vertebrata,  in  which  the 
respiratory  circulation  is  separately  performed,  the  blood  which  is  returned 
from  the  intestines  passes  into  a  trunk,  the  vena  porta,  which  again  sub- 
divides into  capillary  ramifications,  being  transmitted  over  the  plexus  of 
biliary  ducts,  of  which  the  liver  is  chiefly  composed;  and  thus  the  vena  porta, 
as  Hunter  justly  observed,  should  be  considered  rather  in  the  light  of  an 
artery,*  resembling  as  it  does  the  aorta  of  Fishes.  Considering  the  small 
amount  of  pressure  which  is  exerted  by  the  blood  upon  the  sides  of  the  ves- 
sels that  are  formed  by  the  reunion  of  capillaries,  it  seems  impossible  to 
imagine  that  the  vis  a  tergo,  derived  from  the  impulsive  action  of  the  heart, 
can  be  alone  sufiicient  to  maintain  the  portal  circulation. 

500.  We  have  next  to  consider  the  influence  of  the  arterial  tubes,  on  the 
flow  of  blood  through  them.  This  influence  is  exerted  by  the  middle  or 
fibrous  coat,  which  alone  is  possessed  of  contractile  properties.  This  coat 
Gonsists  of  a  network  of  interlaced  fibres,  possessing  no  small  resemblance 
to  that,  of  which  the  muscular  coat  of  the  alimentary  canal  is  composed. 
It  cannot  be  said  that  its  structure  corresponds  with  that,  which  we  are 
accustomed  to  regard  as  characteristic  of  muscle;  but  its  properties  seem 
clearly  analogous  with  those  of  that  tissue.  These  properties  we  must  dis- 
tinguish into  the  simple  elasticity^  which  merely  depends  upon  the  mole- 
cular arrangement  of  the  particles  composing  the  fabric,  and  persists  after 
death,  until  a  serious  change  takes  place  in  their  composition;  and  that 
contractility  on  the  application  of  a  stimulus,  which  is  characteristic  of  a 
structure  possessed  of  vitality,  and  departs  when  that  is  lost.  There  is 
some  reason  for  believing,  that  these  two  properties  are  the  endowments  of 
distinct  structures,  and  fliat  the  one  or  the  other  may  predominate  in  the 
several  parts  of  the  arterial  system.  Thus,  it  was  justly  remarked  by 
Hunter,  that  elasticity,  being  the  property  by  which  the  interrupted  force 

•  That  it  conveys  venous  blood,  is  no  reason  to  the  contrary;  since  this  is  the  case 
vith  the  pulmonary  artery.  The  character  of  an  artery  is  derived  from  the  division 
of  its  current  into  several  diverging  streams. 
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of  the  heart  is  made  equable  and  continuous,  is  most  seen  m  the  large  ves- 
sels more  immediately  connected  with  that  organ.  On  the  other  hand, 
there  seems  good  ground  for  the  assertion,  that  the  contractility,  which  is 
the  endowment  of  something  analogous  to  muscular  structure,  is  most 
observable  in  the  smaller  vessels,  where  it  is  more  required  for  regulating 
the  flow  of  blood  towards  particular  organs. 

501.  It  is  easily  shown  that  the  action  of  the  elasticity  of  the  arterial  tubes 
is  one  of  a  purely  physical  character;  and  that  its  purpose  is  to  convert  the 
intermitting  impulses  which  the  fluid  receives  from  the  heart,  into  a  con- 
tinuous current.    The  former  are  very  evident  in  the  larger  trunks;  but  they 
diminish  with  the  subdivision  of  these,  until  they  entirely  disappear  in  the 
capillaries,  in  which  the  stream  is  usually  equable  or  nearly  so.     We  may 
imagine  a  powerful  forcing-pump  injecting  water,  by  successive  strokes, 
into  a  system  of  tubes  with  unyielding  walls; — the  flow  of  fluid  at  the  farther 
extremities  of  these  tubes  would  be  as  much  interrupted  as  its  entrance  into 
them.     But  if  an  air-vessel  (like  that  of  a  fire  engine)  were  placed  at  their 
commencement,  the  flow  would  be  in  great  degree  equalized;  since  a  part 
of  the  force  of  each  stroke  would  be  spent  upon  the  compression  of  the  air 
included  in  it,  and  this  force  would  be  restored  by  the  elasticity  of  the  air 
during  tlie  interval,  which  would  propel  the  stream  until  direcUy  renewed 
by  the  next  impulse.     A  much  closer  imitation  of  the  natural  apparatus 
would  be  aflforded  by  a  pipe  which  had  elastic  walls  of  its  own;  if  water 
were  forced  by  a  syringe  into  a  long  tube  of  caoutchouc,  for  example,  the 
stream  would  be  equalized  before  it  had  proceeded  far.   This  eflect  is  found 
to  be  accomplished  at  any  point  of  the  arterial  circulation,  in  a  degree  pro- 
portionate to  its  distance  from  the  heart;  and  it  is  another  eflfect  of  the  same 
cause,  that  the  pressure  of  the  blood  upon  the  walls  of  the  arteries  (as  shown 
by  the  experiments  of  Poisseuille)  is  nearly  the  same  all  over  the  syistem. 
It  is  to  the  distension  of  the  arterial  tubes,  both  in  th^ir  length  and  calibre, 
that  tlieir  pulsation  is  due.     Their  elongation  is  the  more  considerable  of 
the  two  efiects;  and  it  causes  the  artery  to  be  lifted  from  its  seat  and  to  be- 
come curved.     The  transverse  dilatation  has  been  denied  by  some  phy- 
siologists; but  it  has  been  recently  proved  to  take  place,  by  an  ingenioos 
experiment  of  Poisseuille's.     The  increase  of  capacity,  however,  ia  not 
more  than  one-tenth;  so  that  the  increase  of  diameter  will  not  be  so  much 
as  one-twentieth, — a  quantity  scarcely  perceptible  to  ordinary  measurement. 
The  transmission  of  the  pulse-wave  through  the  whole  system  is  not  instan- 
taneous, but  takes  place  in  an  appreciable  time.     The  pulsation  of  the  large 
arteries  near  the  heart  is  synchronous  with  the  ventricular  systole;  but  that 
of  other  arteries  is  somewhat  later,  the  diflerence  varying  with  their  distancet 
and  amounting  in  some  instances  to  between  one-sixth  and  one-seventh  c^ 

a  second. 

502.  It  has  been  denied  by  many  physiologists,  that  the  middle  coat  of 
the  arteries  possesses  any  property  which  can  be  likened  to  muscular  con- 
tractility; and  it  will  therefore  be  desirable  to  enter  somewhat  in  detail  in^ 
the  question.  That  it  cannot  be  readily  stimulated  to  contraction  throogi^ 
the  medium  of  its  nerves,  is  universally  admitted;  but  the  same  is  the  eai< 
in  regard  to  the  muscular  coat  of  the  alimentary  canal,  which  contra^ 
most  vigorously  on  the  direct  application  of  stimuli  to  itself;  and  Valentin 
and  others  have  recently  succeeded  in  producing  evident  contractions  \^ 
both,  by  irritation  of  the  sympathetic  nerve  and  of  certain  roots  of  the  spinal 
nerves  (§209).  Further,  although  many  experimenters  have  failed  in  pro- 
ducing contractions  of  this  tissue-  by  stimuli  directly  applied  to  itself,  yet 
others  have  distinctly  witnessed  them;  and,  in  any  question  of  this  kind,  the 
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positive  evidence  must  be  held  to  outweigh  the  negative.  Thus  Verschuir 
states  that  he  has  seen  arteries  contract  when  stimulated  by  the  mineral 
acids,  by  electricity,  and  by  the  application  of  the  point  of  a  scalpel.  Dr. 
Thomson  also  saw  them  contract  on  the  application  of  ammonia,  and  when 
punctured  with  the  point  of  a  fine  needle  in  the  living  body.  The  exposure 
of  arteries  to  the  air  was  found  by  Hunter  to  occasion  their  contraction  to 
such  an  extent,  that  obliteration  of  their  tube  was  the  result;  and  this  state- 
ment has  been  subsequently  confirmed.  Further,  every  surgeon  knows 
that  the  contraction  of  divided  arteries  is  an  efficient  means  of  the  arrest  of 
hemorrhage  from  them,  especially  when  they  are  of  small  calibre;  so  that, 
in  the  case  of  the  temporal  artery,  for  example,  the  complete  division  of  the 
tube  is  often  the  readiest  means  of  checking  the  flow  of  blood  from  it,  when 
it  has  been  once  wounded.  This  contraction  is  much  greater  than  could 
be  accounted  for  by  the  simple  elasticity  of  the  tissue,  and  is  more  decided 
in  small  than  in  large  vessels. 

503.  It  has  been  ascertained  by  the  direct  and  careful  experiments  of 
Poisseuille,  that,  when  the  artery  is  dilated  by  the  blood  injected  into  it 
from  the  heart,  it  reacts  with  a  force  superior  to  the  impressing  impulse;  and 
he  has  also  shown  that,  if  a  portion  of  an  artery  from  an  animsd  recently 
dead  (in  which  the  vital  contractility  seems  to  be  preserved),  and  one  from 
an  animal  that  has  been  dead  some  days  (in  which  nothing  but  the  elasticity 
remains),  be  distended  with  an  equal  force,  the  former  becomes  much  more 
contracted  than  the  latter,  after  the  distending  force  is  removed.  Several 
experiments  also  indicate  the  existence  of  a  power  of  slow  contraction  in 
the  arteries,  which  has  been  distinguished  by  the  appellation  tonicity;  but 
which  does  not  seem  any  thing  else  than  a  particular  manifestation  of  the 
general  property  of  vital  contractility,  and  is  certainly  of  a  nature  quite  dis- 
tinct from  ordinary  elasticity.  Thus,  when  a  ligature  is  placed  upon  an 
artery  in  a  living  animal,  the  part  of  the  artery  beyond  the  ligature  becomes 
gradually  smaller,  and  is  emptied  to  a  certain  degree,  if  not  completely,  of 
3ie  blood  it  contained.  Again,  when  part  of  an  artery  in  a  living  animal 
is  isolated  by  means  of  two  ligatures,  and  is  punctured,  the  blood  issues 
from  the  orifice,  and  the  enclosed  portion  of  the  artery  is  almost  completely 
emptied  of  its  contents.  The  empty  condition  of  the  arteries  generally 
found  within  a  short  time  after  death  seems  to  be  in  part  due  to  the  same 
cause;  since  their  calibre  is  usually  much  diminished,  and  is  sometimes 
completely  obliterated.  A  remarkable  example  of  the  same  slow  contraction, 
is  that  which  takes  place  in  the  end  of  the  upper  portion  of  an  arterial  trunk, 
when  the  passage  of  blood  through  it  is  interrupted  by  a  ligature;  for  the 
current  of  blood  then  passes  ofif  by  the  nearest  large  lateral  branch;  and  the 
tube  of  the  artery  shrivels,  and  soon  becomes  impervious,  from  the  point  at 
which  the  ligature  is  applied,  back  to  the  origin  of  that  branch.  This  last 
fact  is  important,  as  proving  how  little  infiuence  the  via  a  tergo  possesses 
over  the  calibre  of  arterial  tubes;  since,  without  any  interruption  to  the  pres- 
sure of  blood  occasioned  by  it,  the  tube  becomes  impervious. 

504.  It  is  still  to  be  inquired,  in  what  manner  this  contractility  of  the 
arteries  is  to  be  regarded  as  influencing  the  fiow  of  blood  through  them. 
It  is  at  once  evident  that  any  general  contraction  of  the  arterial  tubes  would 
have  rather  the  efiect  of  opposing  an  obstacle,  than  of  assisting  the  flow; 
but  if  the  fibrous  coat  of  the  arteries  is  in  some  degree  disposed  to  the 
alternate  contraction  and  relaxation  which  is  so  remarkable  in  the  heart, 
they  may  exert  a  force  which  shall  be  supplementary  to  that  of  the  heart's 
impulse, — relaxing  to  receive  the  blood  from  it,  and  contracting  upon  their 
contents,  with  a  power  superior  to  that  by  which  they  were  distended.    It 
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is  difficult  to  say  whether  or  not  this  be  the  case,  though  there  would  cer- 
tainly appear  some  evidence  in  favour  of  the  supposition.     The  loss  of  the 
heart's  power  over  the  currents  of  blood,  in  proportion  to  their  degree  of 
subdivision  through  the  increased  friction  to  which  they  will  be  subjected, 
would  seem  to  require  some  compensating  power,  in  order  that  the  perfect 
equality  of  pressure  may  be  obtained,  which  has  been  spoken  of  as  existing 
in  all  parts  of  the  arterial  system.     In  no  other  way  than  this  can  the 
fibrous  coat  of  the  arteries  be  regarded  as  having  any  propulsive  power  over 
their  contents,  except  by  a  peristaltic  or  vermicular  movement,  resembling 
that  which  takes  place  in  the  alimentary  canal;  and  of  such  there  is  do  evi- 
dence whatever.     A  very  important  use  may  be  assigned  to  this  mnscular 
coat,  which  has  been  generally  overlooked  by  physiologists, — that  of  regvh 
lating  the  diameter  of  the  tubes,  in  accordance  with  the  quantity  of  blood 
to  be  conducted  through  them  to  any  part;  which  will  depend  upon  its 
peculiar  circumstances  at  the  time.     Such  local  changes  are  continually 
to  be  observed,  in  the  various  phases  of  normal  life,  as  well  as  in  diseased 
states;  and  they  will  be  found  to  be  constantly  in  harmony  with  the  par- 
ticular condition  of  the  processes  of  nutrition,  secretion,  &c.,  to  which  the 
capillary  circulation  ministers.     Of  this  kind  are  the  enlargement  of  the 
trunks  of  the  uterine  and  mammary  arteries,  at  the  epochs  of  pregnancy 
and  lactation;— -the  enlargement  and  strongly-increased  pulsation  of  the 
radial  artery,  when  there  is  any  active  inflammation  in  the  thnmb;— the 
enormous  diameter  which  the  spermatic  artery  will  attain,  when  the  testicle 
is  greatly  increased  in  size  by  diseased  action;  and  many  other  similar  phe- 
nomena.    In  such  cases,  it  cannot  be  the  action  of  the  heart  that  increases 
the  calibre  of  the  vessels;  since  this  is  commonly  unaltered,  and  Is  itself 
unable,  as  we  have  just  seen,  even  to  maintain  their  permeability.  It  xouuA, 
tlierefore,  be  by  a  power  inherent  in  themselves,  that  their  dilatation  i> 
effected.    The  minute  distribution  of  the  sympathetic  nerve  upon  the  walls 
of  the  arteries,  the  known  power  which  this  has  of  producing  contractioQf 
alike  in  their  fibrous  coat  and  in  the  muscular  tunic  of  the  intestinal  canal, 
and  various  phenomena  which  indicate  the  power  of  certain  states  of  mind 
over  the  dimensions  of  the  arteries,  in  particular  parts  of  the  body  at  least, 
render  it  highly  probable  that  the  calibre  of  the  arteries  is  regulated  in  no 
inconsiderable  degree  through  its  intervention.*  The /^ernionen^  dilatation^ 
however,  which  is  seen  in  the  arteries  supplying  parts  that  are  undergoing 
enlargement,  must  be  due  not  to  simple  dilatation  merely,  but  to  increased 
nutrition;  since  we  find  that  their  walls  are  thickened  as  well  as  extended* 
And,  on  the  other  side,  when  slow  contraction  occurs  in  these  tubes  as  a 
consequence  of  their  disease,  it  must  be  in  part  occasioned  by  atropbfr 
since  their  nutrition  is  so  much  diminished,  that  in  time  they  almost  entiiely 
disappear, — a  portion  of  a  large  artery  occasionally  shrivelling  into  a  ligs* 
mentous  band. 

605.  We  now  come  to  the  last  head  of  the  inquiry  into  the  powen 
which  convey  the  blood  through  the  capillary  system, — that,  namely,  which 
concerns  the  agencies  existing  in  the  capillaries  themselves.  Many  dis* 
cussions  on  this  subject  may  be  found  in  physiological  writings,  and  it  hsf 
a  bearing  so  immediate  on  one  of  the  most  important  questions  in  Patho* 
logy, — the  nature  of  inflammation, — that  it  deserves  the  fullest  attentioD* 
The  chief  question  in  debate  is  the  degree  in  which  the  capillary  circuit* 

*  For  anatomical  evidence  to  this  effect,  see  Henle  on  the  Contractility  of  the 
Blood-vessels,  in  Casper's  Wochenschrift,  May,  1840,  and  Brit,  and  For.  Med.  Rev. 
vol.  X.  p.  551. 
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tion  is  influenced  by  any  other  agency  than  the  contractile  power  of  the 
heart  and  arterial  system; — some  physiologists  maintaining  that  this  alone 
is  sufficient  to  account  for  all  the  phenomena  of  the  capillary  circulation; 
— and  others  asserting  that  it  is  necessary  to  admit  some  supplementary 
force,  which  may  be  exerted  either  to  assist,  retard,  or  regulate  the  flow  of 
blood  from  the  arteries  into  the  veins.  We  shall  first  inquire  what  evi- 
dence there  is  of  the  existence  of  any  such  force;  and,  when  led  to  an 
affirmative  conclusion,  we  shall  examine  into  its  nature.  No  physiological 
fact  is  more  clearly  proved,  than  the  existence,  in  the  lower  classes  of 
Animals,  as  well  as  in  Plants,  of  some  power  independent  of  a  vis  a  tergo^ 
by  which  the  circulating  fluid  is  caused  to  move  through  their  vessels. 
This  power  seems  to  originate  in  themselves,  and  to  be  closely  connected 
with  the  state  of  the  nutritive  and  secreting  processes;  since  any  thing 
which  stimulates  these  to  increased  energy  accelerates  the  circulation, 
whilst  any  check  to  them  occasions  a  corresponding  stagnation.  It  may 
be  convenient  to  designate  this  motor  force  by  the  name  of  capillary 
power;  it  being  clearly  understood,  however,  that  no  mechanical  propulsion 
is  thence  implied.  On  ascending  the  Animal  scale,  we  find  the  power 
which,  in  the  lower  organisms,  is  diffused  through  the  whole  system,  gra- 
dually concentrated  into  a  single  part, — a  new  force,  that  of  the  heart,  being 
brought  into  operation,  and  the  circulation  placed,  in  a  greater  or  less 
degree  under  its  control.  Still  there  is  evidence  that  the  movement  of  blood 
through  the  capillaries  is  not  entirely  due  to  this;  since  it  may  continue 
after  the  cessation  of  the  heart's  action,  may  itself  cease  in  particular  organs 
when  the  heart  is  still  acting  vigorously,  and  is  constantly  being  affected  in 
amount  and  rapidity  by  causes  originating  in  the  part  itself,  and  in  no  way 
affecting  the  heart.  The  chief  proofs  of  these  statements  will  now  be 
adverted  to. 

506.  The  movement  of  the  blood  in  the  capillaries  of  cold-blooded  ani- 
mals, aAer  complete  excision  of  the  heart,  has  been  repeatedly  witnessed. 
In  warm-blooded  animals  this  cannot  be  satisfactorily  established  by  experi- 
ment, since  the  shock  occasioned  by  so  severe  an  operation  much  sooner 
destroys  the  general  vitality  of  the  system;  but  it  may  be  proved  in  other 
ways  to  take  place.  After  most  kinds  of  natural  death,  the  arterial  system 
is  found,  subsequently  to  the  lapse  of  a  few  hours,  almost  or  completely 
emptied  of  blood;  this  is  partly,  no  doubt,  the  effect  of  the  tonic  contraction 
of  the  tubes  themselves;  but  the  emptying  is  commonly  more  complete  than 
could  be  thus  accounted  for,  and  must  therefore  be  due  to  the  continuance 
of  the  capillary  circulation.  Moreover,  when  death  has  taken  place  sud- 
denly from  some  cause,  (as,  for  instance,  a  sudden  electric  shock,)  that 
destroys  the  vitality  of  the  whole  system  at  once,  the  arterial  tubes  are 
found  to  contain  their  due  proportion  of  blood.  Further,  it  has  been  well 
ascertained,  that  a  real  process  of  secretion  not  unfrequently  continues  after 
general  or  somatic  death;  urine  has  been  poured  out  by  the  ureters,  sweat 
exuded  from  the  skin,  and  other  peculiar  secretions  formed  by  their  glands; 
and  these  changes  could  not  have  taken  place  unless  the  capillary  circulation 
were  still  continuing.  In  the  early  embryonic  condition  of  the  highest  ani- 
mals, the  movement  of  blood  seems  to  be  unquestionably  due  to  some  dif- 
fused power,  independent  of  any  central  impulsion;  for  it  may  be  seen  to 
commence  in  the  vascular  area,  before  the  development  of  the  heart;  the  first 
movement  is  towards  instead  of  from  the  centre;  and  even  for  some  time 
after  the  circulation  is  fairly  established,  the  walls  of  the  heart  consist  merely 
of  vesicles  loosely  attached  together,  and  can  hardly  be  supposed  to  have 
any  great  contractile  power. 
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507.  The  last  of  these  facts  may  be  said  not  to  have  any  direct  bearing 
on  the  question,  whether  the  capillary  power  has  any  existence  in  the  adult 
condition;  but  the  phenomena  occasionally  presented  by  the  fcetus  at  a  later 
stage  appear  decisive.     Cases  are  of  no  very  unfrequent  occurrence,  in 
which  the  heart  is  absent  during  the  whole  of  embryonic  life,  and  yet 
the  greater  part  of  the  organs  are  well  developed.     In  most  or  all  of  these 
cases,  however,  a  perfect  twin  foetus  exists,  of  which  the  placenta  is  in 
some  degree  united  with  that  of  the  imperfect  one;  and  it  has  been  cos- 
tomary  to  attribute  the  circulation  in  the  latter  to  the  influence  of  the  heart 
of  the  former,  propagated  through  the  placental  vessels.     This  supposition 
has  not  been  disproved  (however  improbable  it  might  seem)  until  recently; 
when  a  case  of  this  kind  occurred,  which  was  submitted  to  the  most  careful 
examination  by  an  accomplished  anatomist;*  and  this  decisive  result  was 
obtained, — that  it  seemed  impossible  that  the  heart  of  the  twin  foetus  could 
have  occasioned  the  movement  of  blood  in  the  imperfect  one;  and  that  some 
cause  present  in  the  latter  must  have  been  sufficient  for  the  movement  of 
blood  through  its  vessels.     It  was  a  very  curious  anomaly  in  this  case,  that 
the  usual  functions  of  the  arteries  and  veins  must  have  been  reversed;  for 
the  vena  cava  receiving  its  blood  from  the  umbilical  vein  nearly  as  usual, 
had  no  communication  with  the  arterial  system  (the  heart  being  absent), 
except  through  the  systemic  capillaries,  to  which,  therefore,  the  blood  nnut 
have  next  proceeded,  returning  to  the  placenta  by  the  umbilical  arlerj. 
This  view  of  the  course  of  the  blood  was  confirmed  by  the  fact,  that  the 
veins  were  everywhere  destitute  of  valves.     It  is  evident  that  a  single  case 
of  this  kind,  if  unequivocally  demonstrated,  furnishes  all  the  proof  that  can 
be  needed  of  the  existence,  even  in  the  highest  animals,  of  a  capillary  power, 
which,  though  usually  subordinate  to  the  heart's  action,  is  sufficiently  strong 
to  maintain  the  circulation  by  itself,  when  the  power  of  the  central  ornn  if 
diminished.    In  this,  as  in  many  other  cases,  we  may  observe  a  remanLable 
power  in  the  living  system  to  adapt  itself  to  exigencies.    In  the  acardiac 
fictus,  the  heart  is  never  evolved;  and  the  capillary  power  supplies  its  plic« 
up  to  the  period  of  birth,  af^er  which,  of  course,  the  circulation  ceases  for 
want  of  due  aeration  of  the  blood.     It  has  occasionally  been  noticed  thst  a 
gradual  degeneration  in  the  structure  of  the  heart  has  taken  place  dariof 
life,  to  such  an  extent  that  scarcely  any  muscular  tissue  could  at  last  be  de- 
tected in  it;  without  any  such  interruption  to  the  circulation  as  might  have 
been  anticipated. 

608.  It  is  equally  capable  of  proof,  on  the  other  hand,  that  the  capillaries 
may,  by  an  influence  peculiar  to  them,  afford  a  complete  check  to  the  circa- 
lation  in  the  part,  even  when  the  heart's  action  is  unimpaired,  and  no  me- 
chanical impediment  exists  to  the  transmission  of  blood.  Thus,  cases  of 
spontaneous  gangrene  of  the  lower  extremities  are  of  no  unfrequent  occo^ 
rence,  in  which  the  death  of  the  solid  tissues  is  clearly  connected  with  a 
local  decline  of  the  circulation;  and  in  which  examination  of  the  limb  after 
its  removal,  shows  that  both  the  larger  tubes  and  the  capillaries  were  com- 
pletely pervious;  so  that  the  cessation  of  the  flow  of  blood  could  notb* 
attributed  to  any  impediment,  except  that  arising  from  the  cessation  of  some 
power  which  exists  in  the  capillaries,  and  is  necessary  for  the  maintenance 
of  the  current  through  them.  The  most  remarkable  evidence  on  this  point* 
however,  is  derived  from  the  phenomena  of  Asphyxia,  which  will  be  nio«« 
fully  explained  in  the  succeeding  chapter.  At  present  it  may  be  stated  a^* 
fact,  which  has  now  been  very  satisfactorily  ascertained,  that,  if  admission* 

♦  See  Dr.  Houston  in  the  Dublin  Medical  Journal,  1837. 
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of  air  into  the  lungs  be  prevented,  the  circulation  through  them  will  be 
brought  to  a  stand,  as  soon  as  the  air  which  they  contain  has  been  to  a  great 
degree  deprived  of  its  oxygen,  or  rather  has  become  loaded  with  carbonic 
acid;  and  this  stagnation  will,  of  course,  be  communicated  to  all  the  rest  of 
the  system.  Yet,  if  it  have  not  continued  sufficiently  long  to  cause  the 
loss  of  vitality  in  the  nervous  centres,  it  may  be  renewed  by  the  admission 
of  air  into  the  lungs.  Now,  although  it  has  been  asserted,  that  the  stag- 
nation is  due  to  a  mechanical  impediment,  resulting  from  the  contracted 
Btate  of  the  lungs  in  such  cases,  this  has  been  clearly  proved  not  to  be  the 
fact,  by  causing  animals  to  breathe  a  gas  destitute  of  oxygen,  so  as  to  cause 
Asphyxia  in  a  different  manner;  the  same  stagnation  resulting  as  in  the 
other  case.  The  influence  of  the  prolonged  application  of  cold  to  a  part, 
may  be  quoted  in  support  of  the  same  general  proposition;  for,  although 
the  calibre  of  the  vessels  may  be  diminished  by  this  agent,  yet  their  con- 
traction is  not  sufficient  to  account  for  the  complete  cessation  of  the  flow  of 
blood  through  them,  which  is  well  known  to  terminate  in  the  loss  of  their 
vitality. 

609.  Many  of  the  facts  which  indicate  the  influence  of  the  capillaries  on 
the  amount  and  rapidity  of  the  circulation  through  them,  have  been  already 
adverted  to.  It  is  a  general  fact,  unquestioned  by  any  physiologists, 
that,  when  there,  is  any  local  excitement  to  the  processes  of  nutrition, 
secretion,  ^.,  a  determination  of  blood  towards  the  part  speedily  takes 
place,  and  the  motion  of  blood  through  it  is  increased  in  rapidity;  and 
ihhoagh  it  might  be  urged  that  this  increased  determination  may  not  be  the 
effect,  but  the  cause,  of  the  increased  local  action,  such  an  opinion  could 
not  be  sustained  without  many  inconsistencies  with  known  facts.  For  it 
is  known  that  such  local  determination  may  take  place,  not  only  as  a  part 
[>f  the  regular  phenomena  of  growth  and  development  (as  in  the  case  of 
the  entire  genital  system  at  the  time  of  puberty  and  of  periodical  heat,  the 
stems  after  conception,  and  the  mamms  after  parturition),  but  also  as  a 
consequence  of  a  strictly-local  cause.  Thus  the  student  is  well  aware  that, 
lAer  several  hours'  close  application,  there  is  commonly  an  increased  deter- 
mination of  blood  to  the  brain,  causing  a  sense  of  oppression,  a  feeling  of 
beat,  and  frequently  a  diminished  action  in  other  parts;  and,  again,  when 
the  capillary  circulation  is  being  examined  under  the  microscope,  it  is  seen 
to  be  quickened  by  moderate  stimuli,  and  equally  retarded  by  depressing 
agents.  All  these  facts  harmonize  completely  with  the  phenomena  which 
are  yet  more  striking  in  the  lower  classes  of  organized  beings,  and  are  evi- 
dently the  results  of  the  same  laws. 

510.  If  the  phenomena  which  have  been  here  brought  together  be  con- 
sidered as  establishing  the  existence,  in  all  classes  of  beings  possessing  a 
circnlating  apparatus,  of  a  capillary  power,  which  afibrds  a  necessary  con- 
dition for  the  movement  of  the  nutritious  fluid,  through  those  parts  in  which 
it  comes  into  more  immediate  relation  with  the  solids,— the  question  still 
remains  open,  as  to  its  nature.  That  the  capillaries  possess  a  contractile 
power,  in  a  far  higher  degree  than  do  the  large  arteries,  and  more  easily 
excited  than  that  of  the  smaller,  appears  scarcely  to  admit  of  doubt;  though 
to  what  it  is  due,  may  be  reasonably  questioned.  It  has  been  recently 
asserted  by  Schwann,  that  they  possess  the  same  kind  of  fibrous  tissue  in 
their  walls  as  do  the  large  vessels:  and  this  cannot  be  regarded  as  im- 
probable. It  is  not  possible,  however,  that  their  contractility  could  have 
any  influence  in  aiding  the  continuous  motion  of  blood  through  them,  unless 
it  were  exercised  in  a  very  different  manner  from  that  of  which  observation 
afibrds  us  evidence.  For,  when  we  are  microscopically  examining  the 
47 
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capillarjr  eiicnlation  of  any  part,  it  is  at  once  seen  that  the  vessels  present 
no  obvioos  moTement,  and  that  the  stream,  now  rendered  continuous  by 
the  elasticity  of  the  arteries,  passes  through  them  as  through  unelastic 
tubes.  The  only  method  in  which  the  contractility  of  the  capillaries  could 
produce  a  regular  influence  on  the  current  of  blood,  would  be  an  alteraate 
contraction  and  dilatation,  or  a  peristaltic  movement;  and  of  neither  of  these 
can  the  least  traces  be  discerned.  Hence  we  should  altogether  dismiss 
from  our  minds  the  idea  of  any  mechanical  assistance  afforded  by  the  action 
of  the  capillaries  to  the  movement  of  the  blood.  That  the  contractile  coal 
of  the  capillaries  has  for  its  office  to  regulate  the  calibre  of  the  vessels,  can 
scarcely  be  doubted;  but  any  general  permanent  contraction  would  only  occa- 
sion an  obstacle  to  the  circulation, — as  is  shown  by  the  effects  of  stimulat* 
ing  injections,  which,  if  thrown  into  the  vessels  before  their  vitality  hsf 
been  lost,  will  not  pass  through  the  capillaries.  It  would  appear,  therefore, 
to  be  through  their  action  on  this  coat,  that  local  stimuli  occasion  a  conlrse- 
tion  of  the  capillaries;  their  effect,  however,  is  different  from  what  might 
have  been  anticipated;  for,  instead  of  the  capillary  circulation  being  retarded, 
it  is  accelerated,  at  least  until  an  abnormal  condition  results  from  their  eon- 
tinned  operation.  Here,  again,  is  another  evidence,  that  something  different 
from  mechanical  power  must  be  the  agent  that  operates  in  all  the  foregoiiif 
cases. 

511.  The  nature  of  this  agent  is  at  present  very  obscure;  and  it  may  not 
be  in  our  power  for  some  time  to  unveil  it.     The  conditions  of  its  action, 
however,  lie  open  for  investigation;  and  it  appears  from  the  foregoing  &ct> 
that  a  very  simple  and  constant  expression  of  these  may  be  given. — Whilit 
tlie  injection  of  blood  into  the  capillary  vessels  of  every  part  of  the  sys- 
tem is  due  to  the  action  of  the  heart,  its  rate  of  passage  through  those  ves- 
sels is  greatly  modified  by  the  degree  of  activity  in  the  processes  to  whiek 
it  should  normally  be  subservient  in  them, — the  current  being  rendered 
more  rapid  by  an  increase  in  their  activity,  and  being  stagnated  by  their 
depression  or  total  cessation.     This  is  little  else  than  a  modification  of  the 
ancient  aphorism, — tUn  stimulus^  ibifiuxus.    Thus  it  seems  that  "the 
capillaries  possess  a  distributive  power  over  the  blood,  regulating  the  loeii 
circulation,  independently  of  the  central  organ,  in  obedience  to  the  necesii- 
ties  of  each  part."*    If  this  be  true,  it  is  evident  that  the  dilatation  or  con- 
traction of  the  capillaries  will  only  have  a  secondary  influence  on  the  niof»> 
ment  of  the  blood  through  them.     The  former  condition   is  usually  tf 
indication  of  diminished  vital  energy;  and  when  it  is  observed,  it  is  almoit 
invariably  accompanied  by  a  retardation  or  partial  stagnation  of  the  currenl; 
on  the  other  hand,  the  application  of  a  moderate  stimulus,  which  excites  tbt 
contractility,  accelerates  for  a  time  the  motion  of  the  blood,  by  rendenof 
more  energetic  that  reaction  between  the  fluids  and  the  surrounding  tism^^ 
which  is  the  condition  that  really  has  the  most  influence  over  the  current 
It  is  not  enough  to  object  to  such  a  doctrine,  that  we  know  nothing  of  tb< 
mode  in  which  this  reaction  affects  the  movement  of  the  blood;  since  we  sie 
equally  ignorant  of  the  modus  operandi  of  many  other  causes  whose  red 
existence  is  fully  acknowledged, — as  for  instance  the  effect  of  a  stimoltf 
applied  to  a  motor  nerve,  in  causing  contraction  of  the  muscle  supplied  by  it 

512.  An  attempt  has  been  made  by  Dr.  Alison,  to  give  more  precifio* 
to  the  foregoing  statement,  by  attributing  the  effect  to  a  series  of  **viid 
attractions  and  repulsions,"  created  by  the  operations  to  which  the  blood 
in  the  capillaries  is  subservient;  he  considers  that  the  particles  of  blood  arc 

♦  See  Palmer's  Edition  of  Hunter,  Vol.  ni.  p.  332.    Note  bj  Mr.  P. 
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drawn  towards  the  solids  surrounding  the  capillaries,  so  long  as  they  have 
not  come  into  close  relation  with  them;  but  that,  after  accomplishing  the 
purposes  of  their  circulation,  they  are  again  repelled  by  the  same  property. 
It  is  very  possible  that  these  attractions  and  repulsions  may  have  a  real 
existence,  and  may  be  the  operative  causes  in  producing  the  phenomena  in 
question,  without  being  essentially  different  in  character  from  those  which 
are  witnessed  in  Physics  and  Chemistry;  it  seems  desirable,  therefore,  not 
to  apply  to  them  the  term  vital,  which  denotes,  if  it  mean  any  thing,  that 
they  are  to  be  referred  to  a  set  of  laws  entirely  different.  That  alterations 
in  the  chemical  state  of  the  blood  (involving,  of  course,  important  changes 
in  its  vital  properties)  are  capable  of  exercising  a  most  important  efiect  on 
the  capillary  circulation,  is  shown,  not  merely  by  the  phenomena  of 
Asphyxia  already  referred  to,  but  by  the  curious  fact  recently  ascertained 
by  Dr.  J.  Reid, — that  the  blood,  when  imperfectly  arterialized,  is  retarded 
in  the  systemic  capillaries,  causing  an  increased  pressure  on  the  walls  of 
the  arteries.  He  found  that,  when  the  ingress  of  air  through  the  trachea  of 
a  dog  was  prevented,  and  the  asphyxia  was  proceeding  to  the  stage  of  in- 
sensibility^^-tlie  attempts  at  inspiration  being  few  and  laboured,  and  the 
blood  in  an  exposed  artery  being  quite  venous  in  its  character, — the  pres* 
sore  upon  the  arterial  walls,  as  indicated  by  the  hsmadynamometer  applied 
to  the  femoral  artery,  was  much  greater  than  usual.  Upon  applying  a 
similar  test  to  a  vein,  however,  it  was  found  that  the  pressure  was  propor- 
tionably  diminished;  whence  it  became  apparent  that  there  was  an  unusual 
obstraction  to  the  passage  of  venous  blood  through  the  systemic  capillaries. 
Afler  this  period,  however,  the  mercury  in  the  hsemadynamometer  applied 
to  the  artery  began  to  fall  steadily,  and  at  last  rapidly,  in  consequence  of 
the  diminished  force  of  the  heart,  and  the  retardation  of  the  blood  in  the 
pulmonic  capillaries;  but,  if  atmospheric  air  was  admitted,  the  mercury 
ro0e  very  speedily,  showing  that  the  renewal  of  the  proper  chemical  state 
of  the  blood  restored  the  condition  necessary  for  its  circulation  through  the 
capillaries. 

513.  It  can  be  scarcely  doubted,  that  it  is  by  some  influence  exercised 
over  the  molecular  actions  to  which  the  blood  is  subject  in  the  capillaries, 
that  the  nervous  system  can  operate  on  the  functions  of  nutrition,  secretion, 
4tc.,  in  the  manner  already  alluded  to;  and  this  influence  may  be  not  im- 
properly termed  vital,  if  by  so  designating  it  we  merely  imply  that  its  nature 
and  mode  of  operation  are  unknown,  but  that  it  is  closely  connected  with 
those  actions  which  are  altogether  peculiar  to  living  beings.  The  following 
experiment,  made  by  Dr.  Wilson  Philip,  exhibits  in  a  convincing  manner 
the  possibility  of  such  an  influence.  ''The  web  of  one  of  the  hind  legs  of 
a  frog  was  brought  before  the  microscope;  and  while  Dr.  Hastings  observed 
the  circulation,  which  was  vigorous,  the  brain  was  crushed  by  the  blow  of 
a  hammer.  The  vessels  of  the  web  instantly  lost  their  power,  the  circula- 
tion ceasing;  an  effect  which  cannot  arise,  as  we  have  seen,  from  the  ceasing 
of  the  action  of  the  heart.  [Dr.  P.  here  refers  to  experiments  by  which  it 
was  ascertained,  that  the  circulation  in  the  capillary  vessels  of  the  frog  will 
continue  for  several  minutes  after  the  interruption  of  the  heart's  action.]  In 
a  short  time  the  blood  again  began  to  move,  but  with  less  force.  This 
experiment  was  repeated,  with  the  same  result.  If  the  brain  is  not  com- 
pletely crushed,  although  the  animal  is  killed,  the  blow,  instead  of  destroy- 
ing the  circulation,  increases  its  rapidity."*  We  are  not  hence  to  conclude, 
however,  that  the  nervous  system  supplies  any  influence,  which  is  essential 

•  Experimental  laqairy  into  the  Laws  of  the  Vital  Fanctions,  4th  edition,  p.  52. 
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to  the  continaance  of  the  circulation;  since  it  is  only  by  such  sudden  and 
severe  injuries  to  the  nervous  centres  as  instantaneously  destroy  the  vitality 
of  the  whole  system  (§  380)  that  the  movement  of  the  blood  is  arrested. 
The  experiments  of  Miiiler  and  others  satisfactorily  prove,  that  mere  action 
of  the  nerves  does  not  produce  any  direct  effect  upon  the  capillary  circula- 
tion; and  this  corresponds  with  the  well-known  fact  that  the  nutritive  pro- 
cesses may  continue  as  usual  after  this  action  has  been  suspended.  All  the 
facts  which  bear  upon  the  question,  of  the  connection  between  nervous 
agency  and  the  capillary  circulation,  have  an  equal  relation  to  the  functions 
of  nutrition  and  secretion  in  general. 

Of  the  Venous  Circulation. 

614.  The  Venous  system  takes  its  origin  in  the  small  trunks  that  are 
formed  by  the  re-union  of  the  capillaries;  and  it  returns  the  blood  from  these 
to  the  heart.     The  structure  of  the  veins  is  essentially  the  same  with  that 
of  the  arteries;  but  whilst  their  middle  coat  possesses  considerable  elasticity, 
it  appears  less  endowed  with  any  peculiar  vital  property.*     The  elasticilf 
of  the  veins  is  shown  by  the  jet  of  blood  which  at  first  spouts  out  in  ordi- 
nary venesection,  when,  by  means  of  the  ligature,  a  distention  has  beei 
occasioned  in  the  tubes  below  it.    A  slight  contractility  on  the  applicatioB 
of  stimuli  has  been  observed;  but  this  is  not  so  decided  as  in  the  arteries. 
The  whole  capacity  of  the  venous  system  is  considerably  greater  than  that  of 
the  arterial;  the  former  is  usually  estimated  to  contain  from  two  to  three  times 
as  much  blood  as  the  latter,  in  the  ordinary  condition  of  the  circulation;  and 
when  we  consider  the  great  proportion  which  the  veins  in  almost  every  part 
of  the  body  bear  to  the  arteries,  we  shall  scarcely  regard  even  the  larger  of 
these  ratios  as  exaggerated.     Of  course  the  rapidity  of  the  movement  of  ihs 
blood  in  the  two  systems  will  bear  an  inverse  ratio  to  their  respective  csfM- 
cilies;  thus  if,  in  a  given  length,  the  veins  contain  three  times  as  much  blood 
as  the  arteries,  the  fluid  will  move  with  only  one-third  of  the  velocity. 
Even  at  their  origins  in  the  capillary  plexus,  the  veins  are  larger  than  are 
the  arteries  which  terminate  in  the  same  plexus;  so  that,  wherever  the 
arterial  and  venous  networks  form  distinct  strata,  they  are  readily  distiih 
guished  from  each  other.     The  veins  are  remarkable  for  the  number  of 
valves  which  they  contain,  formed  of  duplicatures  or  loose  folds  of  tbe 
internal  tunic,  between  the  component  laminae  of  which  contractile  fibfCf 
are  interposed;  and  for  the  dilatations  behind  these,  which,  when  distendedi 
give  them  a  varicose  appearance.     The  valves  are  single  in  the  small  veiosi 
the  free  edge  of  the  flap  closing  against  the  opposite  of  the  vein;  in  thelarftf 
trunks  they  are  double,  and  in  a  few  instances  are  composed  of  three  flaps* 
The  object  of  these  valves  is  evidently  to  prevent  the  reflux  of  blood;  and 
we  shall  presently  see  that  they  are  of  important  use  in  assisting  in  the  main- 
tenance of  the  venous  circulation.     They  are  most  numerous  in  the  veins 
which  run  among  parts  aflected  by  muscular  movement;  they  are  not  found 
in  the  veins  of  the  lungs,  of  the  abdominal  viscera,  or  of  the  brain. 

515.  The  movement  of  the  blood  through  the  veins  is  without  doubt 
chiefly  eflfected  by  the  vis  a  tergo  or  propulsive  force  which  results  fr<^ 
the  action  of  tlie  heart  and  from  that  of  the  arteries  and  capillary  vessell* 

*  It  is  stated,  however,  by  Gerber  (General  Anatomy,  p.  296)  that  the  fibres  of  ib« 
middle  coat  of  the  veins  bear  a  stronger  resemblance  to  those  of  muscular  li^^^ 
than  do  those  of  the  corresponding  part  of  the  arteries,  which  more  resemble  i*^* 
ordinanr  elastic  fibres.  It  is  not  improbable  that  his  observations  were  made  on  IK)^ 
UoQS  of  the  veins  near  the  heart,  which  partake  of  its  contractility  (%  483). 
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This  is  shown  by  the  immediate  arrestment  of  it  which  takes  place  when 
these  forces  are  suspended.     There  are  some  concurrent  causes,  however, 
which  are  supposed  by  some  to  have  much  influence  upon  it,  and  of  which 
the  consideration  must  not  be  neglected.     One  of  these  is  the  suction  power 
attributed  to  the  heart,  acting  as  a  vis  afronte  in  drawing  the  blood  towards 
it.     It  is  very  doubtful  how  far  the  auricles  have  such  a  power  of  active 
dilatation,  as  that  which  would  be  required  for  thisipurpose;  and  no  suffi- 
cient evidence  has  been  given  that  the  current  of  blood  at  any  distance  from 
the  heart  is  affected  by  it.    Indeed,  for  a  reason  to  be  presently  given,  this 
may  be  regarded  as  impossible.    Another  important  agency  has  been  found 
by  some  physiologists  in  the  inspiratory  movement;  this  is  supposed  to  draw 
the  blood  of  the  veins  into  the  chest,  in  order  to  supply  the  vacuum  which 
is  created  there  at  the  moment  of  the  descent  of  the  diaphragm.     That  the 
movement  in  question  has  some  influence  on  the  flow  of  venous  blood  into 
the  chest,  is  evident  from  the  occurrence  of  the  respiratory  pulse  long  ago 
described  by  Haller,  which  may  be  seen  in  the  veins  of  the  neck  and  shoulder 
in  thin  persons,  and  in  those  especially  who  are  suffering  from  pulmonary 
diseases:  during  expiration,  the  veins  are  seen  to  be  partially  emptied;  whilst 
during  inspiration  they  become  turgid,  partly  in  consequence  of  the  accu- 
mulation from  behind  and  of  the  check  in  front,  and  partly  (it  may  be)  in 
0ome  cases  through  an  absolute  reflux  from  the  veins  within  the  chest  (§  489^. 
It  was  maintained  by  Sir  D.  Barry,  that  the  suction  of  the  blood  towards 
the  ehest  in  inspiration  is  one  of  the  most  important  causes  of  the  mainte- 
nance of  the  venous  circulation;  but  several  considerations  agree  in  pointing 
to  the  conclusion,  that  no  great  influence  can  be  rightly  attributed  to  it. 
The  pulmonary  circulation,  being  entirely  within  the  chest,  cannot  be  af- 
fected by  variations  in  atmospheric  pressure;  and  it  may  be  further  remarked, 
that  the  whole  mechanism  of  respiration  is  so  diflferent  in  Birds,  from  that 
which  exists  in  Mammalia,  that  no  vacuum  can  ever  be  said  to  exist  in  their 
chests,  although  the  venous  circulation  is  performed  as  actively  as  usual. 
The  yenous  circulation  of  the  foetus,  also,  is  independent  of  any  such  agency. 
Again*  it  has  been  shown  experimentally  by  Dr.  Amott  and  others,  that  no 
suction  power  exerted  at  the  further  end  of  a  long  tube,  whose  walls  are  as 
deficient  in  firmness  as  are  those  of  the  veins,  can  occasion  any  acceleration 
in  a  current  of  fluid  transmitted  through  it;  for  the  effect  of  the  suction  is 
destroyed,  at  no  great  distance  from  the  point  at  which  it  is  applied,  by  the 
flapping  together  of  the  sides  of  the  vessel.     There  can  be  no  question  about 
the  fact,  however,  that  in  the  immediate  neighbourhood  of  the  chest,  the 
flow  of  blood  towards  the  heart  is  aided  by  inspiration  and  impeded  by  ex- 
piration; for  Sir  D.  Barry's  experiment, — which  consisted  in  introducing 
one  extremity  of  a  tube  into  the  jugular  vein  of  a  horse,  and  the  other  into 
water,  which  exhibited  an  alternate  elevation  and  depression  with  inspira- 
tion and  expiration, — has  been  repeated  and  confirmed  by  several  physio- 
logists.    It  is  evident  that  the  suction  of  blood  into  the  chest  will  aid  the 
flow  through  the  veins,  by  removing  the  obstacle  to  it  in  front,  although  it 
does  not  exercise  any  more  direct  influence  over  the  current  at  a  distance. 
On  the  other  hand,  the  expiratory  movement,  while  it  directly  causes  ac- 
cumulation in  the  veins,  will  assist  the  heart  in  propelling  the  blood  into 
the  arteries;  and  the  combined  action  of  these  two  causes  produces,  among 
other  efi*ect8,  the  rising  and  sinking  of  the  brain,  synchronously  with  expi- 
ration and  inspiration,  which  are  observed  when  a  portion  of  the  cranium  is 
removed. 
516.  It  h^  been  suggested  by  Prof.  Dunglison,*  that  the  return  of 

•  Physiology,  Vol.  ii.  p.  180. 
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blood  to  the  heart  may  be  attributed  to  the  simple  law  of  hydrostatic  pres- 
sure, which  causes  fluids  everywhere  to  seek  their  own  level;  since,  in 
all  the  arteries  which  proceed  downward  from  the  arch  of  the  aorta,  the 
force  of  gravity  will  act  in  such  a  manner  as  of  itself  to  raise  the  blood  to 
an  equivalent  height  in  the  veins.     But  this  doctrine  appears  liable  to  two 
serious  objections.     When  the  body  is  in  a  recumbent  posture,  the  greater 
part  of  the  vascular  system  is  very  nearly  upon  the  same  level.     Moreover, 
the  influence  of  the  force  in  question  would  scarcely  be  felt  through  the 
plexus  of  capillary  vessels;  for,  the  interposition  of  a  system  of  tubes  even 
of  much  larger  calibre  would  be,  by  the  friction  created  between  the  fluid 
and  their  walls,  an  effectual  obstacle  to  the  rapid  ascent  of  a  current,  which 
had  so  slight  an  impetus  as  that  derived  from  its  previous  fall.     That  gra- 
vity has  an  influence  in  modifying  the  circulation  in  particular  parts,  how* 
ever,  is  a  fact  well  known,  especially  in  certain  diseased  states;  and  the 
keeping  an  inflamed  part  at  as  high  a  level  as  possible,  is  often  one  of  the 
most  important  therapeutic  means  that  can  be  adopted.     One  of  the  most 
powerful  of  the  general  causes  which  influence  the  venous  circulation,  if 
doubtless  the  frequently-recurring  action  of  the  muscles  upon  their  trunks. 
In  every  instance  that  muscular  movement  takes  place,  a  portion  of  tbs 
veins  of  the  part  will  undergo  compression;  and  as  the  blood  is  prevealed, 
by  the  valves  in  the  veins,  from  being  driven  back  into  the  small  vesidi, 
it  is  necessarily  forced  on  towards  the  heart.     As  each  set  of  muscles  is 
relaxed,  the  veins  compressed  by  it  All  out  again, — to  be  again  compressed 
by  the  renewal  of  the  force.     That  the  general  muscular  movement  is  an 
important  agent  in  maintaining  the  circulation  at  a  point  above  that  at  which 
it  would  be  kept  by  the  action  of  the  heart  and  capillaries  alone,  appeiis 
from  several  considerations.     The  pulsations  are  diminished  in  frequency 
by  rest,  accelerated  by  exertion,  and  very  much  quickened  by  violent  effort. 
In  all  kinds  of  exercise,  and  in  almost  every  sort  of  effort,  there  is  tkat 
alternate  contraction  and  relaxation  of  particular  groups  of  muscles,  which 
lias  been  just  mentioned  as  affecting  tlie  flow  of  blood  through  the  veiae; 
and  there  can  be  little  doubt  that  the  increased  rapidity  of  the  return  of  blood 
through  them,  is  of  itself  a  sufficient  cause  for  the  accelerated  movements  d 
the  heart.     When  a  large  number  of  muscles  are  put  in  action  after  repose, 
as  is  the  case  when  we  rise  up  from  a  recumbent  or  a  sitting  posture,  the 
blood  is  driven  to  the  heart  with  a  very  strong  impetus;  and  if  that  oifin 
should  be  diseased,  it  may  arrive  there  in  a  larger  quantity  than  can  be  dis' 
posed  of,  and  sudden  death  may  be  the  result.     Hence  the  necessity  for 
the  avoidance  of  all  sudden  and  violent  movements,  on  the  part  of  thoii 
who  labour  under  either  a  functional  or  structural  disease  of  the  centre  of  the 
circulation. 

Peculiarities  of  the  Circulation  in  different  parts. 

617.  In  several  portions  of  the  Human  body,  there  are  certain  varietief 
in  the  distribution,  and  in  the  functional  actions,  of  the  blood-vessels,  which 
should  not  be  omitted  in  a  general  account  of  the  Circulation.  Of  these, 
we  have  in  the  first  place  to  notice  the  apparatus  for  the  pulmonary  cirett* 
lation;  the  chief  peculiarity  of  which  is,  that  venous  blood  is  ^ent/rom  the 
heart,  through  a  tube  which  is  arterial  in  its  structure,  and  that  arterid 
blood  is  returned  to  the  heart,  through  a  vessel  whose  entire  character  rf 
that  of  a  vein.  The  movement  of  the  blood  through  these  is  considerably 
affected  by  the  physical  state  of  the  lungs  themselves;  being  retarded  by 
any  causes  which  can  occasion  pressure  on  the  vessels  (such  as  over-disten- 
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tion  of  the  cells  with  air,  obstruction  of  their  cavity  by  solid  or  fluid  depo- 
sitions, or  by  foreign  substances  injected  into  them,  &c.),  and  proceeding 
with  the  greatest  energy  and  regularity  when  the  respiratory  movements 
are  freely  performed.  The  portal  circulation,  again,  is  peculiar  in  being  a 
kind  of  offset  from  the  general  or  systemic  circulation;  for  the  vena  porta, 
although  it  originates  in  the  capillary  plexus  of  the  intestines,  acquires,  by 
the  time  it  has  arrived  at  the  liver,  the  character  of  an  artery,  being  then  an 
afferent  or  distributive  vessel,  and  subdividing  into  a  capillary  plexus  from 
which  veins  are  to  originate.  This  is  very  much  the  character  of  the  aorta 
of  Fishes,  which  does  not  arise  directly  from  the  heart,  but  is  formed  by 
the  reunion  of  the  branchial  veins,  which  have  collected  the  aerated  blood 
from  the  gills.  The  whole  portal  system  is  destitute  of  valves;  and  it  may 
be  snrmised  with  much  probability,  that  the  purpose  of  their  absence  is  to 
allow  of  an  unusually  free  passage  of  blood  from  one  part  of  that  system  to 
another,  during  the  very  varying  conditions  to  which  it  is  subjected  ($  709). 

618.  ibiother  very  important  modification  of  the  circulating  system  is 
that  which  presents  itself  within  the  cranium.  From  the  circumstance  of 
the  cnnimn  being  a  closed  cavity,  which  must  be  always  filled  with  the 
same  total  amount  of  contents,  the  flow  of  blood  through  its  vessels  is  at- 
tended with  some  peculiarities.  The  pressure  of  the  atmosphere  is  here 
exerted  rather  to  keep  the  blood  in  the  head,  than  to  force  it  out;  and  it 
might  accordingly  be  inferred  that,  whilst  the  quantity  of  cerebral  matter 
remains  the  same,  the  amount  of  blood  in  the  cranial  vessels  must  also  be 
invariable.  This  inference  appears  to  derive  support  from  the  experiments 
of  Dr.  Kellie.*  On  bleeding  animals  to  death,  he  found  that,  whilst  the 
remainder  of  the  body  was  completely  exsanguine,  the  usual  quantity  of 
blood  remained  in  the  arteries  and  veins  of  the  cranium;  but  that,  if  an 
opening  was  made  in  the  skull,  the  vessels  were  then  as  completely  emp- 
tied as  the  rest.  It  is  not  to  be  hence  inferred,  however,  that  the  absolute 
quantity  of  blood  within  the  cranium  is  not  subject  to  variation,  and  that  in 
the  states  of  inflammation,  congestion,  or  other  morbid  affections,  there  is 
only  a  disturbance  of  the  usual  balance  of  the  arterial  and  venous  circulation. 
The  fact  in  all  probability  is  rather,  that  the  softness  of  the  cerebral  tissue, 
and  its  varying  functional  activity,  render  it  peculiarly  liable  to  undergo 
alterations  in  bulk;  and  that  the  quantity  of  blood  may  thus,  even  in  the 
healthy  condition,  be  continually  changing.  Moreover,  in  disordered  states 
of  the  circulation,  the  quantity  of  blood  in  the  vessels  of  the  cranium  may 
be  for  a  time  diminished  by  sudden  extravasation,  either  of  blood  or  serum, 
mto  the  cerebral  substance;  and  the  amount  of  interior  pressure  upon  the 
walls  of  the  vessels  may  also  be  considerably  altered,  even  when  there  is 
DO  difference  in  the  quantity  of  fluid  contained  in  them. 

619.  The  erectile  tissues  constitute  another  curious  modification  of  the 
ordinary  vascular  apparatus.  Th^chief  of  these  are  the  corpora  cavernosa 
in  the  penis  of  the  male,  and  the  clitoris  of  the  female,  the  collection  of 
similar  tissue  round  the  vagina  and  in  the  nymphte  of  the  female,  and  the 
nipple  in  both  sexes.  In  all  these  situations,  erection  takes  place  as  a  result 
of  certain  emotional  conditions  of  the  mind,  the  influence  of  which  is 
probably  transmitted  through  the  sympathetic  nerve,  as  it  may  be  experi- 
enced even  in  cases  of  paraplegia.  The  erectile  tissue  appears  essentially 
to  consist  of  a  plexus  of  varicose  veins,  enclosed  in  a  fibrous  envelope. 
keearding  to  Gerber,t  this  plexus  is  traversed  by  numeroi^d  contractile 

*  EdiDbargh  Medico-Chirurgical  Tran$aclioDS|  Vol.  i. 
t  Op.  oil.  p.  298. 
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fibres,  which  are  analogous  to  those  that  form  the  dartos;  and  to  the  con* 
traction  of  these  is  probably  to  be  attributed  the  obstruction  to  the  return  of 
blood  by  the  veins,  which  is  the  occasion  of  the  turgescence.     The  proxi- 
mate cause  of  the  erection  of  the  penis  has  been  stated  by  some  to  be  the 
action  of  the  ischio-cavernosi  muscles;  and  by  others  it  has  been  attributed 
to  the  compression  of  the  vena  dorsalis  penis  against  the  symphysis  pubis. 
But  it  is  obvious  that  nothing  analogous  to  this  can  apply  to  the  other  erec- 
tile organs,  especially  to  the  nipple.     In  the  penis,  according  to  the  disco- 
very of  Milller,  there  are  two  sets  of  arteries;  of  which  one,  destined  for  the 
nutrition  of  the  tissues,  communicates  with  the  veins  in  the  usual  way, 
through  a  capillary  network;  whilst  the  others  pass  off  as  large  branehes, 
and  penetrate  the  cavernous  substance  in  a  helicine  manner,  communicating 
abruptly  with  the  venous  cells.     It  would  seem  not  improbable,  that  these 
last  do  not  ordinarily  convey  blood;  but  that  the  same  change  in  the  contrae- 
tile  fibres,  which  impedes  the  return  of  the  blood  by  the  veins,  may  also 
permit  it  to  enter  more  freely  from  the  helicine  arteries.     It  has  been  main- 
tained by  some,  that  the  iris  is  rather  an  erectile  than  a  muscular  organ;  and 
as  the  fibres  which  can  be  traced  in  it  resemble  those  of  erectile  tissues,  it  is 
not  improbable  that  their  ofiice  may  be  rather  to  regulate  the  injection  of 
this  organ  with  blood,  than  to  change  its  condition  in  any  other  manner. 
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520.  It  is  obvious  that  the  nutritive  fluid,  in  its  circulation  througfi  th« 
capillaries  of  the  system,  must  undergo  great  alterations,  both  in  its  physi* 
cal  constitution,  and  in  its  vital  properties.     It  gives  up  to  the  tissues  with 
which  it  is  brought  into  contact,  some  of  its  most  important  elements;  andf 
at  the  same  time,  it  is  made  the  vehicle  of  the  removal,  from  these  tissoefr 
of  ingredients  which  are  no  longer  in  the  state  of  combination  that  fits  them 
for  their  offices  in  the  animal  economy.     To  separate  these  ingredients  from 
the  general  current  of  the  circulation,  and  to  carry  them  out  of  the  systeOt 
is  the  great  object  of  the  Excretory  organs;  and  it  is  very  evident  that  the 
importance  of  the  respective  functions  of  these,  will  vary  with  the  amoantof 
the  ingredient  which  they  have  to  separate,  and  with  the  deleterious  inlitf* 
ence  which  its  retention  would  exert  on  the  welfare  of  the  system  at  larg^ 
Of  all  these  injurious  ingredients,  carbonic  acid  is  without  doubt  the  mo^ 
abundantly  introduced  into  the  nutritive  fluid;  and  it  is  also  most  deleteriooi 
in  its  eflTects  on  the  system  if  allowed  to  accumulate.     One  of  the  most  10* 
portant  changes  which  results  from  its  retention,  is  the  stagnation  of  tbt 
blood,  both  in  the  systemic  and  pulmonary  capillaries;  for  there  is  evideoe* 
that,  if  the  process  of  aeration,  by  which  the  venous  blood  brought  to  tb« 
lungs  is  converted  into  arterial,  be  in  any  way  checked,  the  flow  of  Wood 
through  the  pulmonary  capillaries  speedily  ceases;  and  that  if  venous  blood 
be  propelled  through  the  system,  in  place  of  arterial,  it  is  transmitted  with 
difficulty  through  the  systemic  vessels.     The  cause  is  the  same  in  both 
instances;— the  normal  changes  which  the  blood  ought  to  undergo  in  theso 
vessels  are  prevented;  and  there  is  consequently  a  cessation  of  that  capt^ 
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lary  power,  which  has  been  shown  to  be  one  of  the  most  important  of  the 
forces  by  which  the  blood  is  kept  in  motion  (§  511). 

521.  We  find,  accordingly,  that  the  provision  for  the  removal  of  carbon 
from  the  blood,  surpasses  in  extent  that  which  is  made  for  any  other  excre- 
tion.    The  two  largest  glands  in  the  body — the  Liver  and  the  Jiungs — are 
designed  for  this  purpose;  but  their  operation  is  made  subservient,  in  each 
case,  to  other  objects.     By  the  Liver,  the  carbon  is  excreted,  with  other 
elements,  in  the  form  of  a  fluid  which  has  important  uses  in  the  digestive 
function;  whilst  by  the  Lungs  (which  will  be  presently  seen  to  have  in  all 
essential  points  a  glandular  structure)  it  is  thrown  off  in  a  gaseous  form,  and 
thus  is  made  subservient,  according  to  the  laws  of  the  mutual  diflusion  of 
gases,  to  the  introduction  of  oxygen  into  the  system,  and  consequently  to 
the  maintenance  of  the  animal  temperature,  as  well  as  of  the  stimulating 
properties  of  the  blood.     It  is  evident,  then,  that  any  circumstances  which 
check  the  excretion  of  carbonic  acid  by  the  lungs,  will  have  an  immediately 
injurious  effect  upon  the  system  at  large;  by  causing  the  accumulation,  in 
the  fluid  upon  which  it  is  dependent  for  the  performance  of  its  vital  actions, 
of  an  agent  that  so  seriously  injures  its  vivifying  properties.     But  this  is  not 
the  only  mode  in  which  the  cessation  of  this  function  becomes  injurious. 
The  exclusion  of  a  constant  supply  of  oxygen  from  the  blood,  even  though 
the  removal  of  the  carbonic  acid  were  provided  for  by  other  means,  deprives 
it  of  its  due  power  of  nourishing  and  exciting  to  action  the  tissues  and  organs 
to  which  it  is  afterwards  distributed;  for  it  would  appear  that  this  element  is, 
throughout  animated  nature,  a  stimulant  as  essential  to  the  energy  of  its 
operations,  as  caloric  is  to  all,  and  light  to  many  of  these.     Further,  in  those 
animals  in  which  (as  in  Man)  the  whole  current  of  blood  passes  through  the 
respiratory  apparatus,  any  stagnation  in  its  capillaries  must  derange,  and  soon 
check,  the  systemic  circulation.     There  are  some  animals,  however,  (such 
as  Reptiles,)  in  which  only  a  portion  of  the  blood  that  has  returned  from  the 
system  is  transmitted  to  the  lungs  by  each  impulse  of  the  heart;  so  that  their 
pulmonary  circulation  is  in  some  respects  upon  the  footing  of  the  portal  cir- 
culation in  other  animals:  in  such,  therefore,  the  interruption  of  the  pulmo- 
nary circulation  will  not  immediately  suspend  the  movement  of  the  blood 
through  the  systemic  vessels;  and  in  the  Batrachia,  whose  soft,  moist  skin, 
allows  the  air  to  act  with  tolerable  freedom  upon  the  blood  contained  in  its 
vessels,  life  may  be  prolonged  for  a  considerable  time,  even  after  the  com- 
plete removal  of  the  lungs,  provided  the  temperature  be  low.*    But  if,  under 
these  circumstances,  the  skin  be  covered  with  any  unctuous  substance,  pre- 
venting the  transmission  of  air,  death  speedily  ensues. 

522.  The  necessity  for  the  aeration  of  the  circulating  fluid,  is  most  re- 
markably exemplified  in  the  provision  which  is  made  for  it  in  every  living 
being;  such  provision  being  more  universally  found  than  that  for  any  other 
function,  except  for  the  ingestion  of  aliment,  and  for  the  perpetuation  of  the 
race.     Even  in  Plants,  a  true  respiration  is  continually  going  on,  although 
its  effects  are  sometimes  obscured  by  those  of  a  converse  change,  which  is 
subservient  to  a  diflferent  purpose.     It  has  been  ascertained  that  the  absorp- 
tion of  oxygen  and  the  extrication  of  carbonic  acid  never  cease  during  \he 
life  of  the  plant, — taking  place  under  all  conditions,  by  day  and  by  nighl  in 
sunshine  and  in  shade.     This  is  their  true  Respiration.     But  Planu  obtain 
from  the  atmosphere  a  large  proportion  of  the  carbon  which  they  Teavii^^  as 
food;  and  this  they  procure  by  decomposing  the  carbonic  acid  of   \Yve  air 

♦  See  Edwards  on  the  Influence  of  Physical  Agents  on  Life  (Translailoix  bv  Qotfl* 
kin),  p.  32.  ^  kiodg- 
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absorbing  or  fixing  its  carbon,  and  setting  free  its  oxygen.  Now  to  Uiis 
process,  which  is  only  performed  by  the  green  parts  of  plants,  and  under  the 
influence  of  light,  the  name  Digestion  has  not  improperly  been  given.  A 
healthy  Plant  will  fix  in  this  manner  much  more  carbon  than  it  sets  free  by 
Respiration;  so  that  its  effect  upon  the  atmosphere  is,  on  the  whole,  to  aid 
in  purifying  it  from  the  deleterious  ingredient  so  largely  imparted  to  it  by 
Animal  Respiration,  combustion,  &c.  The  Fungi,  however,  derive  their 
support,  like  Animals,  only  from  matter  which  has  been  previously  organized: 
and  their  respiration  is  uncompensated  by  the  fixation  of  carbon  from  the 
atmosphere.  The  same  is  the  case  during  the  processes  of  fiowering  and  ger- 
mination in  the  higher  Plants;  for  certain  chemical  conversions  are  Uien 
taking  place,  which  involve  the  liberation  of  a  large  amount  of  carbonic  acid, 
and  a  corresponding  absorption  of  oxygen,  without  any  counterbalancing 
change.*  In  no  Plants  is  there  any  distinct  respiratory  circulation;  since 
the  nutritious  fluid  can  be  brought  into  close  relation  with  the  air  in  almost 
every  part  of  its  course.  There  is,  however,  a  rudiment  of  an  internal  re- 
spiratory apparatus,  in  a  system  of  air-vessels,  or  trachea,  composed  of 
membranous  tubes  kept  pervious  by  an  elastic  spiral  fibre  which  winds  with- 
in them,  and  closely  resembling  the  air-tubes  of  Insects. 

523.  In  the  Animal  kingdom  we  almost  universally  find  distinct  organs 
for  the  aeration  of  the  blood;  these  are  always  formed  upon  the  same  general 
plan,  being  essentially  composed  of  a  membranous  prolongation  of  the  ex- 
ternal surface,  adapted  by  its  vascularity  and  permeability  to  bring  the  blood 
into  close  relation  with  the  surrounding  medium.     But  as  this  medium 
may  be  either  air  or  water,  we  find  two  principal  forms  of  the  apparatus, 
one  of  them  adapted  for  each  kind  of  respiration.     In  aquatic  animals, 
the    membrane    is   usually  prolonged    externally  into    tufts   or   fringes, 
which  are  so  arranged  as  to  expose  the  greatest  amount  of  surface  to  the 
water;   each  filament  of  which  these  are  composed  includes  an  afiereDt 
and  eflferent  capillary  vessel;  and  it  is  whilst  the  fluid  is  passing  through 
them,  that  its  aeration  is  accomplished.     The  collection  of  tufts  or  fringes 
constitutes  what  are  known  as  gills;  and  though  their  arrangement  varies 
considerably,  their  essential  character  is   but  little  diflferent,  througboal 
the  classes  of  animals  that  possess  them.      On  the  other  hand,  in  ai^ 
breathing  Animals,  the  aerating  surface  is  reflected  inwardly,  forming  pas- 
sages or  chambers,  into  which  the  air  is  received,  and  on  the  walls  of  which 
the  blood  is  distributed  in  a  minute  capillary  network.     Such  a  confonua- 
tion  is  found  even  among  some  of  the  lower  Articulata,  which  have  a  series 
of  air-sacs  disposed  along  each  side  of  the  body,  one  for  every  segment 
In  Insects  we  find,  instead  of  these  sacs,  a  system  of  prolonged  tubes, 
ramifying  through  the  body,  and  carrying  air  into  its  minutest  portions* 
Even  in  some  Molluscs,  such  as  the  Snail  and  other  terrestrial  Gasteropods, 
we  find  a  provision  for  aerial  respiration;  a  large  cavity  being  formed  in 
the  back,  communicating  with  the  air,  and  having  a  beautifully-reticulated 
plexus  of  blood-vessels  on  its  walls.     In  none  of  the  Invertebrata,  bov- 
ever,  does  the  respiratory  apparatus  communicate  with  the  mouth,  which  ie 
an  organ  solely  appropriated  in  them  to  the  ingestion  of  food.     In  the 
Mollusca,  indeed,  the  channel  through  which  the  water  that  has  passed 
over  the  aerating  surface,  is  expelled  from  the  chamber  (formed  by  a  (o^ 
of  the  mantle  or  general  envelope)  that  contains  the  gills,  is  the  same  as 
that  through  which  the  excrementitious  matter  is  discharged  from  the  intes- 
tine; and  the  gills  themselves  are  very  commonly  situated  in  the  neighbou^ 

♦  See  Principles  of  Genera!  and  Comparative  Physiology,  $440et  seq. 
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hood  of  the  anal  orifice.  This  fact  is  interesting  in  regard  to  the  character 
of  the  temporary  respiratory  apparatus  of  the  Human  embryo.  In  Fishes 
and  the  larvae  of  Batrachia,  which  are  the  highest  animals  that  breathe  by 
gills,  these  organs  are  so  disposed  in  connection  with  the  cavity  of  the 
mouth,  that  fresh  currents  of  water  are  continually  being  forced  over  them 
by  its  muscles;  and  thus  the  energy  of  their  action  is  greatly  increased. 
Moreover,  the  whole  blood  which  is  propelled  from  the  heart,  proceeds 
first  to  the  respiratory  organs,  instead  of  passing  through  them  on  its  re- 
turn from  the  systemic  circulation,  as  in  most  of  the  aquatic  Invertebrata. 
Still,  as  the  quantity  of  oxygen  which  the  blood  can  obtain  in  this  manner 
is  very  small,  being  limited  to  that  contained  in  the  atmospheric  air  dis- 
solved in  the  water,  the  amount  of  aeration  must  be  considered  as  low. 

524.  In  the  lowest  Vertebrata  that  possess  any  thing  like  a  pulmonary 
cavity,  this  has  a  structure  as  simple  as  that  of  the  air-sac  of  the  Snail. 
This  is  the  case  in  many  Fishes,  where  it  is  known  as  the  air-bladder;  it 
is  frequently  single  in  this  class,  and  communicates  with  the  intestinal  canal 
near  the  stomach,  or  is  altogether  destitute  of  outlet.  In  others,  however, 
it  is  double,  and  its  duct  opens  into  the  cesophagus  near  the  mouth;  so  that 
its  analogy  to  the  lungs  of  higher  animals  is  very  evident.  The  Batrachia 
begin  life  as  Fishes,  breathing  by  gills  during  their  tadpole  state;  but  at  the 
time  that  the  legs  are  developed  and  the  tail  has  decreased,  the  pulmonary 
organs  also  are  evolved,  and  the  course  of  the  blood  is  altered,  so  that  it  is 
no  longer  transmitted  through  the  gills,  which  speedily  shrivel  and  disap- 
pear ($  42).  There  are  some  species,  however,  whose  metamorphosis  is 
checked,  so  that  in  their  permanent  condition  both  lungs  and  gills  are  pre- 
sent; but  the  former  are  then  present  in  a  very  rudimentary  form,  not  being 
more  developed  than  the  air-sacs  of  many  Fishes.  The  lungs  of  Reptiles 
are,  almost  universally,  simple  sacs  with  litde  subdivision  into  cells. 
Where  such  subdivision  exists,  it  is  usually  at  the  upper  part  of  each  lung, 
the  rest  being  one  undivided  bag,  on  the  walls  of  which  the  pulmonary 
▼easels  are  distributed.  They  afford  us,  therefore,  a  good  opportunity  of 
studying  the  distribution  of  these  vessels;  and  the  accompanying  figures 
represent  the  course  of  the  circulation  as  observed  in  them.  It  will  be  seen 
that  the  trunk  of  the  pulmonary  artery  runs  along  one  side  of  the  sac,  and 
that  of  the  pulmonary  vein  along  the  other;  and  that  numerous  branches 
arise  from  the  former,  which  subdivide  into  capillaries  that  ramify  over 
the  whole  surface,  and  then  reunite  into  small  veins  which  terminate  in  the 
latter.  The  islets  of  parenchyma  left  between  the  capillary  vessels  are 
seen  to  be  much  smaller  than  those  which  are  usually  to  be  observed  in  the 
systemic  circulation;  so  that  the  membrane  is  more  copiously  traversed  by 
vessels  than  any  other  that  is  known.  The  walls  of  the  capillaries,  more- 
over, are  much  less  distinct  than  those  of  the  systemic  circulation.  These 
two  conditions  are  obviously  favourable  to  the  exposure  of  the  largest  pos- 
•ible  quantity  of  blood  to  the  influence  of  the  air;  but  as  the  surface  is  not 
an  extensive  one,  the  amount  which  can  be  thus  exposed  at  any  one  time 
is  very  limited;  and  the  pulmonary  artery  is  in  fact  one  of  the  smaller 
branches  of  the  aorta,  which  conveys  a  mixed  fluid  to  the  system  at  large. 

525.  In  the  warm-blooded  Vertebrata,  which  have  a  complete  double  cir- 
calation,— namely.  Birds  and  Mammalia,  a  much  larger  extent  of  surface  is 
provided  for  the  aeration  of  the  blood,  the  whole  current  of  which  is  trans- 
mitted to  the  lungs  before  circulating  again  through  the  system.  This  in- 
crease is  provided  in  Birds,  partly  by  the  more  minute  subdivision  of  the 
lungs  into  cells,  and  partly  by  the  addition  of  a  number  of  large  air-sacs, 
which  are  disposed  in  various  parts  of  the  body  and  even  in  the  interior  of 
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tlie  long  bones.  Hence  it  happens  that  the  amount  of  Respiration  is  greater 
in  this  class  than  in  any  other,  although  the  form  of  the  apparatus  is  not 
nearly  so  concentrated  as  in  the  Mammalia,  nor  is  the  meclianism  of  the 
chest  so  well  adapted  to  a  constant  exchange  of  the  air  contained  in  its  cavi- 
ties (§  48).  In  Mammalia  the  lungs  are  proportionally  smaller;  and  the 
whole  respiratory  apparatus  is  restricted  to  the  thorax:  but  the  minute  sub- 
division of  their  cavity,  and  the  mechanism  by  which  a  continual  inter- 
change of  air  is  provided  for,  render  them  very  efficient  for  their  designed 
purpose.  In  regard  to  the  intimate  structure  of  the  Lungs  of  Man  and  of 
the  Mammalia,  it  is  difficult  to  speak  with  confidence.  It  was  maintained 
by  Reissessen,  and  has  been  repeated  by  other  anatomists,  that  the  air-cells 
of  the  lungs  are  in  reality  the  globular  dilatations  of  the  extremities  of  the 
ultimate  ramifications  of  the  bronchial  tubes,  analogous  to  the  milk-cells  of 
the  Mammary  gland  (Fig.  73);  but  it  has  been  objected,  that  they  are  much 
more  numerous  than  these  ramifications  can  be  supposed  to  be;  and  there 
seems  much  reason  to  believe,  that  each  tube  leads  to  a  cluster  of  cells, 
communicating  with  each  otlier.  If  this  be  true,  the  analogy  is  still  pre- 
served between  the  structure  of  the  Lungs,  and  that  of  the  Glands,  com- 
monly so  called;  for  we  shall  hereafter  see  that  in  the  Liver,  Kidneys,  and 
probably  in  the  Testis,  the  ducts  seldom  end  in  free  extremities,  but  anas- 
tomose into  a  plexus. 

526.  The  lungs  are  developed,  in  the  first  instance,  as  diverticula  from 
the  (Esophageal  tube.  In  the  chick,  about  the  fourth  day,  a  little  sacculus 
is  described  as  shooting  forth  at  its  posterior  and  inferior  part;  and  this 
soon  subdivides  at  its  lower  part  into  two;  at  the  same  time  becoming  more 
separated  from  the  tube,  by  a  constriction  around  the  neck,  which  soon 
elongates  so  as  to  form  the  trachea.  On  the  fifth  or  sixth  day,  the  lung  of 
one  side  is  completely  distinct  from 
that  of  the  other,  and  each  is  at-  Fig.  49. 

tached  to  the  common  pedicle  by  a 
peculiar  branch,  the  future  bronchus. 
The  upper  portion  has  much  thicker 
walls  than  the  lower,  and  these  ap- 
pear to  contain  a  large  quantity  of 
vesicular  parenchyma,  in  which  the 
ramifications  of  the  bronchial  tubes        "  "^^ 

subsequently  extend  themselves.  Firei  appearance  of  the  lungi;  o,  in  a /birl  at 
About  the  tenth  or  elpvpnth  dav  nf  f<»ur  days;  6,  in  a /Vw/ at  aix  daya;  c,  termination 
ADOUl   me    lenm  or  eievenUl  aay  OI    ofbronchus  in  very  young  Pi>.    (After  Ralhli*.) 

mcubation,  these  ramifications  pos- 
sess nearly  their  permanent  character  and  situation.  The  first  trace  of  the 
glottis  appears  about  the  fifth  day;  it  is  then  a  mere  slit  in  the  walls  of  the 
oesophagus,  resembling  that  by  which  the  ductus  pneumaticus  of  some 
Fishes  opens  into  the  alimentary  canal.  The  formation  of  the  cartilaginous 
rings  of  the  trachea  does  not  commence  until  after  the  twelfth  day,  when 
they  first  appear  as  transverse  striae  on  the  median  line  of  the  front  only; 
they  gradually  become  solid,  and  extend  themselves  on  either  side,  until 
they  nearly  meet  at  last  on  the  median  line  on  the  back  or  vertebral  side 
of  the  tube.  The  history  of  the  process  in  the  Human  embryo,  appears 
to  be  very  nearly  the  same.  The  first  appearance  of  the  lungs  takes  place 
about  the  sixth  week,  at  which  time  they  are  simple  vesicular  prolongations 
of  the  oesophageal  membrane.  Their  surface,  however,  soon  becomes 
studded  with  numerous  little  wart-like  projections;  and  these  are  caused  by 
the  formation  of  corresponding  enlargements  of  their  cavity.  These  en- 
largements soon  become  prolonged,  and  develope  corresponding  bud-like 
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enlargements  from  their  sides;  and  in  this  manner  the  form  of  the  organs 
is  gradually  changed,  a  progressive  increase  in  their  bulk  taking  place  from 
above  downwards,  in  consequence  of  the  extension  of  the  bronchial  rami- 
fications from  the  single  tube  at  the  apex.  At  tlie  same  time,  however,  a 
corresponding  increase  in  the  amount  of  the  parenchymatous  tissue  of  the 
lung  is  taking  place;  for  this  is  deposited  in  all  the  interstices  between  the 
bronchial  ramifications,  and  might  be  compared  with  the  soil  filling  up  the 
spaces  amongst  the  roots  of  a  tree.  It  is  in  this  parenchyma  that  the  pal- 
monary  vessels  are  distributed;  and  in  the  portion  of  it  which  extends  be- 
yond the  terminations  of  the  bronchial  tubes  seems  to  act  as  the  nidos  for 
their  further  extension.  It  can  be  easily  shown  that,  up  to  a  late  period  of 
the  development  of  the  lungs,  the  dilated  terminations  of  the  bronchi  eon- 
stitute  the  only  air-cells  (Fig.  40,  c):  but  it  would  not  seem  improbaUe, 
that  the  parenchyma  may  gradually  have  additional  cavities  formed  within 
it;  and  that  these  may  communicate  with  each  other  and  with  the  bronchial 
tubes.  It  is  a  fact  of  some  interest,  as  an  example  of  the  tendency  of  C8^ 
tain  diseased  conditions  to  produce  a  return  to  forms  which  are  natural  to 
the  foBtal  organism,  or  which  present  themselves  in  other  animals,— that 
up  to  a  late  period  in  the  development  of  the  Human  embryo,  the  longs  do 
not  nearly  fill  the  cavity  of  the  chest,  and  the  pleura  of  each  side  contains  a 
good  deal  of  serous  fluid. 

527.  Whatever  be  the  view  entertained  of  the  minute  structure  of  ihe 
Lungs,  there  is  no  diflerence  of  opinion  as  to  the  main  physiological  6et, 
that  these  organs  consist  of  a  congeries  of  minute  air-cells,  whose  cavitiei 
are  capable  of  dilatation  and  contraction,  and  on  whose  walls  a  very  mimits 
plexus  of  capillary  blood-vessels  is  distributed.     This  network  is  described 

by  Reissessen  as  so  minute,  that  the  diameter 

Fig  50.  of  the  meshes  is  scarcely  so  great  as  that  of  tiie 

o.    ,^  ,         capillary  vessels  which  form  it.     The  dianslBr 

5^^^         of  the  pulmonary  vesicles  is  about  twenty  timsi 

greater  than  that  of  the  capillaries  which  are 

distributed  upon  its  parieties,  varying  (accordiof 

to  the  measurement  of  Weber)  from  the  j^jfk 

to  ,  th  of  an  inch.  There  is  no  evidence  that  the 

alteration   in   the   size  of  the  air-cells  whieh 

takes  place  during  the  respiratory  process,  ii 

Portion  of  ihe  lung  of  a  Pig,  the  due  to  any  Other  cause  than  the  simple  dasticttf 

"r^;T;'L:'a»{1.zT.;m:!:  of  their  walls,  but  the  bronchial  tubes  cerlairiy 
derateiy  magnified.  (Afier  Wag-  possess  a  considerable  amouut  of  coutractilityt 
'*®''-^  which  can  scarcely  be  regarded  as  otherwi* 

than  muscular.  From  the  experiments  of  Dr* 
C.  B.  Williams*  it  appears  that  all  the  air-tubes  are  endowed  with  a  con- 
siderable amount  of  irritability,  which  may  be  excited  by  electrical,  diemi' 
cal,  or  mechanical  stimuli,  applied  to  themselves,  but  not  readily  (if  at  dl) 
excitable  through  their  nerves.  This  contractility  resembles  that  of  the 
intestines  or  arteries,  more  than  that  of  the  voluntary  muscles  or  heart;  the 
contraction  and  relaxation  being  more  gradual  than  that  of  the  latter;  thoogh 
less  tardy  than  that  of  the  former.  It  is  chiefly  manifested  in  the  small* 
bronchial  tubes;  since  in  the  trachea  and  the  larger  bronchi,  the  cartilaginous 
rings  prevent  any  decided  diminution  in  the  calibre  of  the  tube.  Wede- 
meyer  did  not  succeed  in  producing  any  distinct  contraction  of  the  fibref  rf 
the  trachea  and  larger  bronchi;  but  he  states  that  tubes  of  less  than  a  lioeio 

«  Athenttum  Report  of  the  Meeting  of  the  British  Association,  1840,  p.  802. 
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diameter  could  be  perceived  to  contract  gradually  under  the  stimulus  of  gal- 
vanism, until  their  cavity  was  nearly  obliterated.  It  is  remarked  by  Dr. 
Williams,  that  the  irritability  of  the  bronchial  muscles  is  soon  exhausted  by 
the  action  of  a  stimulus;  but  that  it  may  in  some  degree  be  restored  by  rest, 
even  when  the  lung  is  removed  from  the  body.  When  the  stimulation  is 
long  continued,  however,  as  by  intense  irritation  of  the  mucous  membrane 
during  life,  the  contractile  tissue  passes  into  a  state  which  resembles  that  of 
the  tonic  contraction  of  muscular  fibre  (§  390).  The  contractility  is  greatly 
affected  by  the  mode  of  death,  and  is  remarkably  diminished  by  the  action 
of  vegetable  narcotics,  particularly  stramonium  and  belladonna;  whilst  it 
seems  to  be  scarcely  at  all  affected  by  hydrocyanic  acid.  These  facts  are 
very  important  as  throwing  light  upon  certain  diseased  conditions.  It  has 
long  been  suspected  that  the  dyspnoea  of  Spasmodic  Asthma  depends  upon 
a  constricted  state  of  the  smaller  bronchial  tubes,  excited  through  the  ner- 
vous system,  frequently  by  a  stimulating  cause  at  some  distance;  and  there 
can  now  be  little  doubt  that  tliis  is  the  case.  That  they  should  not  be  readily 
excited  to  contraction  by  a  galvanic  stimulus  applied  to  their  nerves,  is  no 
valid  argument  against  this  view;  as  it  was  long  held  that  the  muscular  coat 
of  the  alimentary  canal  also  was  completely  removed  from  nervous  influencot 
which  is  DOW  well  known  to  be  not  by  any  means  the  case.  The  peculiar 
influence  of  stramonium  and  belladonna,  in  diminishing  the  contractility  of 
these  fibres,  harmonizes  remarkably  with  the  well  known  fact  of  the  relief 
frequently  aflbrded  by  them  in  this  distressing  malady. 

628.  Notwithstanding  the  high  degree  of  contractility  which  the  bron- 
chial tubes  have  been  shown  to  possess,  there  is  no  valid  reason  for  the  be- 
lief that  they  contribute  by  any  rhythmical  movement  to  the  exchange  of 
the  contained  air,  which,  in  the  healthy  state,  is  continually  taking  place. 
For  it  can  be  scarcely  imagined  that  they  should,  by  any  power  of  their 
own«  contract  and  dilate  uniformly  with  the  contraction  and  expansion  of 
the  chest,  unless  their  muscles  were  equally  subject  with  those  of  the 
thorax,  to  the  influence  of  the  nervous  system.     The  lungs  themselves, 
then,  are  to  be  regarded  as  quite  passive  in  the  movements  of  respiration;  the 
renewal  of  their  contained  air  being  accomplished  by  the  action  of  the  mus- 
cles external  to  the  thorax,  or  partly  forming  its  parietes.     The  lung  com- 
pletely fills  the  cavity  of  the  pleura,  in  the  healthy  state  at  least;  so  that, 
when  this  is  enlarged,  a  vacuum  is  produced,  which  can  only  be  filled  by  a 
corresponding  enlargement  of  the  lung;  and  to  produce  this,  the  air  rushes 
down  the  trachea  and  passes  to  the  remotest  air-cells.     The  distension  of 
the  whole  tissue  of  the  lung,  which  is  aflfected  in  this  manner,  is  much 
more  complete  than  that  which  could  be  occasioned  by  simple  insufliation 
from  the  trachea;— a  fact  of  which  it  has  been  proposed  to  take  advantage 
in  juridical  inquiries  in  regard  to  suspected  cases  of  Infanticide,  where  the 
lungs  are  found  to  float,  and  the  defence  is  set  up  that  the  child  was  still- 
lK>m9  and  that  air  was  blown  into  the  chest  for  the  purpose  of  resuscitating 
it     It  has  been  ascertained  by  the  experiments  of  Mr.  Jennings,*  that  if  a 
piece  of  lung,  which  has  been  filled  with  air  by  insufliation,  be  exposed  to 
great  pressure,  the  air  may  be  expelled  from  it  sufficiently  to  cause  it  to  sink 
in  water;  but  that  no  pressure  can  produce  the  same  eflect  upon  that  which 
has  been  filled  by  a  natural  inspiratory  eflbrt.    It  is  a  serious  objection  to 
the  use  of  this  test  in  juridical  investigations,  however,  that  the  early  inspi- 
ratory efforts  of  the  infant  are  often  so  feeble,  as  to  produce  but  a  very  im- 
perfect dilatation  of  the  air-cells;  so  that  the  lung  of  an  infant  which  has 

•  TraDsactions  of  the  Provincial,  Medical  and  Surgical  Association,  Vol.  ii. 
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naturally  inspired  cannot,  by  such  means,  be  distinguished  from  one  that 
has  been  artificially  inflated.  The  fact  ascertained  by  Mr.  J.,  however,  is 
one  of  much  physiological  interest.  Owing  to  the  freedom  with  which  the 
air  enters  the  lungs,  when  there  is  no  abnormal  obstruction,  the  external 
surface  is  always  in  contact  with  the  walls  of  the  chest,  so  that  the  pulmo- 
nary and  costal  pleuroe  glide  over  one  another  with  every  inspiration  and 
expiration.  The  smooth  and  moistened  character  of  their  surface  prevents 
the  movement  from  producing  any  sound;  but  it  becomes  evident  when  the 
friction  is  increased,  either  by  the  dryness  that  is  commonly  one  of  the  early 
changes  produced  by  inflammation,  or  by  the  rough  deposit  that  subse- 
quently appears. 

529.  The  complete  dependence  of  the  expansion  of  the  lungs  upon  the 
production  of  a  vacuum  in  the  chest,  is  well  shown  by  the  eflfect  of  admis- 
sion of  air  into  the  pleural  cavity.     When  an  aperture  is  made  on  either 
side,  so  that  the  air  rushes  in  at  each  inspiratory  movement,  the  expansion 
of  the  lung  on  that  side  is  diminished,  or  entirely  prevented,  in  proportion 
to  the  size  of  the  aperture.     If  air  can  enter  through  it  more  readily  than 
through  the  trachea,  an  entire  collapse  of  the  lung  takes  place;  and  by 
making  such  an  aperture  on  each  side,  complete  asphyxia  is  produced.  But 
if  it  be  too  small  to  admit  the  very  ready  passage  of  air,  the  vacuum  pro* 
duced  by  the  inspiratory  movement  is  more  easily  filled  by  the  distension  of 
the  lungs,  than  by  the  rush  of  air  into  the  pleural  cavity;  so  that  a  suffident 
amount  of  change  takes  place  for  the  maintenance  of  life.     This  is  fre* 
quently  observed  in  the  case  of  penetrating  wounds  of  the  thorax,  in  the 
surgical  treatment  of  which,  it  is  of  great  importance  to  close  the  ape^ 
ture  as  completely  as  possible;  when  this   has  been   accomplished,  the 
air  that  had  found  its  way  into  the  cavity  is  soon  absorbed,  and  the  lunf 
resumes  its  full  play.     Where  one  lung  is  obstructed  by  tubercular  de- 
posit, or  is  prevented  in  any  other  way  from  rightly  discharging  its  fane* 
tion,  an  opening  that  freely  admits  air  into  the  pleural  cavity  of  the  other 
side,  is  necessarily  attended  with  an  immediately  fatal  result;  and  in  this 
manner  it  not  unfrequently  happens  that  chronic  pulmonary  diseases  sod* 
denly  terminate  in  Asphyxia,  a  communication  being  opened  by  ulceratioa 
between  a  bronchial  tube  and  the  cavity  of  the  thorax. 

530.  The  dilatation  of  the  chest  during  inspiration,  is  chiefly  aoeom- 
plished  by  the  contraction  of  the  diaphragm,  which,  from  the  high  aitb 
that  it  previously  formed,  becomes  nearly  plane;  in  this  change  of  figoret 
it  presses  on  the  abdominal  viscera,  so  as  to  cause  them  to  protrude,  whirh 
they  are  enabled  to  do  by  the  relaxation  of  the  abdominal  muscles.  lo 
ordinary  tranquil  breathing,  the  action  of  the  diaphragm  is  alone  nearly  soiB- 
cient  to  produce  the  necessary  exchange  of  air;  but,  when  a  full  inspiraliofl 
is  required,  the  cavity  of  the  chest  is  dilated  laterally,  as  well  as  iuferioriy' 
This  is  accomplished  by  the  intercostal  muscles,  the  scaleni,  serrati,  and 
others,  which,  by  elevating  the  ribs,  bring  them  and  their  cartilages  more 
nearly  into  the  same  direction,  and  thus  separate  them  more  widely  fron 
the  median  line.  Expiration  is  chiefly  effected  by  the  conuraction  of  the 
abdominal  muscles,  which  at  the  same  time  force  up  the  diaphragm  by  their 
pressure  on  the  viscera,  and  depress  the  ribs;  in  the  latter  movement  they 
are  aided  by  the  longissimus  dorsi,  sacrolumbal  is,  &c.,  and  also  by  theela^ 
licity  of  the  cartilages  of  the  ribs,  with  that  of  the  air-cells  and  aiMube« 
themselves.  It  is  difhcult  to  form  an  estimate,  by  observations  on  one*' 
self,  of  the  usual  number  and  degree  of  the  respiratory  movements;  since  the 
direction  of  the  attention  to  them  is  certain  to  increase  their  frequency  and 
amount    In  general  it  may  be  stated,  that  from  14  to  18  alternations  nsoallf 
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occur  in  a  minute;  of  these,  the  ordinary  inspirations  involve  but  little  move- 
ment of  the  thorax;  but  a  greater  exertion  is  made  at  about  every  fifth  recur- 
rence. The  average  numerical  proportion  of  the  respiratory  movements  to 
the  pulsations  of  the  heart  is  about  1  to  5  or  4j;  and  when  this  proportion 
is  widely  departed  from,  there  is  reason  to  suspect  some  obstruction  to  the 
aeration  of  the  blood,  or  some  disorder  of  the  nervous  system.  Thus  in 
pneumonia,  in  which  a  greater  or  less  proportion  of  the  lung  is  unfit  for  its 
office,  the  number  of  respirations  increases  in  a  more  rapid  proportion  than 
the  acceleration  of  the  pulse;  so  that  the  ratio  becomes  as  one  to  three,  or 
even  one  to  two,  in  accordance  with  the  degree  of  engorgement.*  In  hys- 
terical patients,  however,  a  similar  increase,  or  even  a  greater  one,  may  take 
place  without  any  serious  cause;  thus  Dr.  Elliotsont  mentions  a  case  in 
which  the  respiratory  movements  of  a  young  female,  through  nervous  affec- 
tion, were  98  or  even  106,  whilst  the  pulse  was  104.  On  the  other  hand, 
the  respirations  in  certain  typhoid  conditions,  and  in  narcotic  poisoning  be- 
come abnormally  slow,  owing  to  the  torpid  condition  of  the  nervous  centres, 
the  proportion  being  1  to  6,  or  even  1  to  8;  and  in  such  cases,  the  lungs  not 
nnfrequently  become  osdematous,  from  the  cause  formerly  mentioned  (§§  231 
and  232). 

531.  The  amount,  also,  of  the  respiratory  movements  is  affected  by 
various  morbid  conditions;  thus  when  dislocation  of  the  spine  takes  place 
above  the  origin  of  the  intercostal  nerves,  but  below  that  of  the  phrenic,  so 
that  the  former  are  paralyzed,  the  respiratory  movement  is  confined  to  the 
diaphragm,  and  as  this  is  insufficient,  serum  is  effused  into  the  lungs,  and  a 
slow  Asphyxia  supervenes,  which  usually  proves  fatal  in  from  three  to  seven 
days.  Even  where  the  muscles  and  nerves  are  all  capable  of  action,  the 
full  performance  of  the  inspiratory  movements  is  prevented  by  the  solidifi- 
cation or  engorgement  of  any  part  of  the  lung,  which  interferes  with  its  free 
distension,  or  by  adhesions  between  the  pleural  surfaces,  which  offer  a  still 
more  direct  impediment.  When  these  adhesions  are  of  long  standing,  they 
are  commonly  stretched  into  bands,  by  the  continual  tension  to  which  they 
are  subjected.  If  the  impeding  cause  affect  both  sides,  the  movements  of 
both  will  be  alike  interfered  with;  but  if  one  side  only  is  affected,  its  move- 
ments will  be  diminished,  whilst  those  of  the  other  remain  natural;  and  the 
physician  hence  frequently  derives  an  indication  of  great  value,  in  regard  to 
the  degree  in  which  the  lung  is  incapable  of  performing  its  functions.  It  is 
to  be  remembered,  however,  that  the  action  both  of  the  diaphragm  and  of 
the  elevators  of  the  ribs  may  be  prevented,  by  pain  either  in  the  muscles 
themselves  or  in  the  parts  which  they  move;  thus  the  descent  of  the  dia- 
phragm is  checked  by  inflammation  of  the  abdominal  viscera  or  of  the  peri- 
toneum; and  that  of  the  intercostals  by  rheumatism,  pleuritis,  pericarditis, 
or  other  painful  disorders  of  the  parts  forming  the  parietes  of  the  thorax. 

632.  In  regard  to  the  capacity  of  the  lungs,  the  quantity  of  air  introduced 
and  expelled  at  each  ordinary  respiratory  movement,  and  the  amount  that 
remains  after  expiration,  great  discrepancy  exists  in  the  statements  of  the 
various  experimenters  who  have  endeavoured  to  ascertain  them.  This 
discrepancy  has  doubtless  arisen  in  part  from  the  circumstance  already 
mentioned,— that  attention  to  the  respiratory  movements  will  render  them 
(iiller  and  more  frequent;  and  in  part,  also,  from  the  degree  of  effort  that  is 
required  to  draw  air  from  any  kind  of  apparatus  adapted  to  afford  a  mea- 

•  See  a  Paper  by  Dr.  Hooker,  on  the  Relation  between  the  Respiratory  and  Cir- 
calatiog  Functions,  in  the  Boston  (N.  E.)  Medical  and  Surgical  Journal;  an  abstract 
of  which  will  be  found  in  the  British  and  Foreign  Medical  Review,  vol.  vi.  p.  263. 

t  Physiology,  p.  215,  note. 
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surement  of  the  quantity  inhaled,  which  efibrt  will  of  itself  cause  the  disten- 
sion of  the  chest  to  be  much  greater  than  natural.  The  experiments  of 
Messrs.  Allen  and  Pepys  seemed  to  give  16i  cubic  inches  as  the  average 
quantity  taken  in  at  each  inspiration;  whilst  those  of  Menzies  (who  is  fol- 
lowed by  Dr.  Bostock)  caused  him  to  rate  it  at  40  cubic  inches.  The 
most  recent  experiments  on  the  subject  are  those  of  Mr.  Coathope,*  in 
which  the  Author  has  much  reason  to  feel  con6dence.  According  to  bis 
estimate,  about  266^  cubic  feet,  or  460,224  cubic  inches  of  air  pass  through 
the  lungs  in  24  hours;  reckoning  the  average  number  of  inspirations  at  16  . 
per  minute,  this  would  give  20  cubic  inches  as  the  amount  inhaled  at  each. 
According  to  the  experiments  of  Allen  and  Pepys,  the  quantity  of  air  re* 
maining  in  the  lungs  of  a  stout  full-grown  man  after  death,  is  about  100  cubic 
inches;  this  is  probably  less  than  the  amount  that  remains  after  ordinary 
expiration. 

Chemical  Phenomena  of  Respiration. 

533.  We  naturally  pass  from  the  foregoing  inquiries,  to  those  that  ^^ 
laie  to  the  alterations  in  the  air,  which  are  effected  by  Respiration.     It  was 
formerly  supposed  that  the  blood  arrived  at  the  lungs  charged  with  carbon, 
—that  this  carbon  was  united  in  their  cells  to  the  oxygen  of  the  atmosphere, 
—and  that  in  this  manner  a  certain  amount  of  the  oxygen  of  the  inspired 
air  was  being  continually  converted  into  carbonic  acid,  which  thus  replaced 
it  in  the  expired  air.     Subsequent  researches,  however,  appear  to  have 
satisfactorily  proved,  that  this  is  not  a  true  account  of  the  changes  whieh 
take  place  in  the  lungs;  and  that  it  would  be  more  correct  to  eay,  that  the 
blood  comes  to  the  lungs  charged  with  carbonic  acid,  which  it  imparts  to 
the  inspired  air,  at  the  same  time  abstracting  from  it  a  volume  of  oxyfn 
which  is  always  as  large,  and  usually  greater.     Hence  it  is  not  correct  to 
speak  of  a  certain  quantity  of  the  inspired  oxygen  as  being  converted  into 
carbonic  acid  in  the  lungs;  but  it  should  rather  be  said  that  a  certain  qaio- 
tity  of  oxygen  is  absorbed,  and  a  certain  quantity  (generally  less  than  the 
equivalent  bulk)  of  carbonic  acid  exhaled.     The  proportion  of  these  quanti- 
ties is  by  no  means  constant;  varying  with  different  species,  and  with  the 
same  animal  at  different  ages,  and  at  different  periods  of  the  year.     Accoid- 
ing  to  Dr.  Edwards,  the  quantity  of  oxygen  which  entirely  disappears  from 
the  air  is  sometimes  as  much  as  one-third  of  the  whole;  it  is  greatest  in  the 
young  animal,  and  is  sometimes  almost  imperceptible  in  the  adulL 

534.  The  quantity  of  carbonic  acid  excreted  has  been  estimated  by  sofoe 
experimenters  at  as  much  as  30,600  cubic  inches  in  twenty-four  hours;  tbii 
amount  of  gas  would  contain  5,148  grains,  or  11  ounces  (Troy)  of  solid 
carbon.  Now  that  is  more  than  is  contained  in  six  pounds  of  most  kindi 
of  solid  food  which  man  employs;  for  this  usually  contains  three  parts  in 
four  of  water;  and  of  the  other  fourth  seldom  more  than  one  half  is  carbon* 
Hence,  making  no  allowance  for  the  quantity  which  passes  off  in  otbtf 
ways,  more  carbon  is  excreted  from  the  lungs,  upon  this  estimate,  than  i> 
introduced  in  the  usual  daily  quantum  of  food.  It  must,  therefore,  be 
erroneous.  This  estimate  was  formed  upon  the  results  of  an  experimeDt 
continued  during  a  short  time,  in  which,  from  the  nature  of  the  apparatoi 
employed,  the  respirations  were  to  a  certain  degree  laborious,  and  the 
quantity  of  air  renewed  at  each  movement  was  therefore  greater.  In  Mr* 
Coathupe's  experiments,  great  care  was  taken  to  render  the  inspiration  a> 

*  Athenaeum  Report  of  Meeting  of  the  British  Association,  1839;  p.  707. 
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free  as  possible  from  effort;  and  the  measuring  process  was  continued  for 
a  much  longer  time.  According  to  his  statement,  the  quantity  of  carbonic 
acid  generated  in  twenty-four  hours  is  above  17,850  cubic  inches;  tliis  will 
contain  2,616  grains,  or  5i  ounces  of  solid  carbon,-— a  quantity  which  we 
may  very  well  imagine  to  be  thus  excreted.  The  proportion  of  carbonic 
acid  contained  in  the  expired  air  appears  from  this  estimate  to  be  about  4 
per  cent.,  on  the  whole;  but  single  experiments  give  a  much  higher  estimate. 
Thus,  in  one  of  those  made  by  Allen  and  Pepys,  in  which  fresh  air  was 
taken  in  at  every  inspiration,  the  proportion  was  eight  parts  in  every  hun- 
dred. They  found,  however,  that  if  the  air  be  already  charged  in  some 
degree  with  carbonic  acid,  the  quantity  excreted  is  much  less;  for  when 
800  cubic  inches  were  respired  for  three  minutes,  only  28ji  cubic  inches  of 
carbonic  acid  were  found  in  it,  although  the  rate  of  its  production  in  a 
parallel  experiment  was  32  cubic  inches  a  minute.  Knowing,  then,  the 
necessity  of  a  free  excretion  of  carbonic  acid,  we  are  led  by  this  fact  to 
perceive  the  high  importance  of  ventilation;  for  it  is  not  sufficient  for  health, 
that  a  room  should  contain  the  quantity  of  air  requisite  for  the  support  of 
its  inhabitants  during  a  given  time;  since  after  they  have  remained  in  it  but 
a  part  of  that  time,  the  quantity  of  carbonic  acid  which  its  atmosphere  will 
contain,  will  be  large  enough  to  interfere  greatly  with  the  due  aeration  of 
their  blood,  and  thus  to  cause  oppression  of  the  brain  and  the  other  morbid 
affections  that  result  from  the  accumulation  of  carbonic  acid  in  the  circu- 
lating fluid. 

535.  Although  the  statements  just  given  maybe  regarded  as  representing 
the  average  amount  of  carbonic  acid  evolved  during  the  twenty-four  hours, 
the  amount  is  subject  to  great  variation  under  particular  circumstances. 
Thus,  during  a  state  of  muscular  activity  it  is  greatly  increased.  Mr. 
Newport  has  noticed  that  in  Insects  the  difference  is  enormous,— their 
respiration  being  as  feeble  as  that  of  cold-blooded  animals  when  they  are 
at  rest,  and  more  energetic  (the  quantity  of  oxygen  consumed  in  proportion 
to  their  size  being  greater)  than  that  of  any  other  animals,  when  they  are 
in  active  movement.  In  Man  the  difference  is  not  so  great,  and  its  exact 
amount  cannot  be  readily  estimated;  but  it  is  unquestionable  that  an  in- 
erease  does  take  place.  It  has  been  ascertained  by  Dr.  Prout,  however, 
that,  if  the  exercise  be  prolonged  so  as  to  occasion  fatigue,  a  diminished 
consumption  of  oxygen  takes  place;  he  also  states  that  the  exhilarating 
paesions  increase,  whilst  the  depressing  passions  (as  also  the  use  of  alcohol 
and  tea)  diminish  the  quantity  of  carbonic  acid  exhaled.  There  is  little 
doubt  that  there  is  a  great  diminution,  also,  during  sleep;  this  may  be 
partly  due  to  the  total  cessation  of  muscular  exertion,  and  partly  to  the 
greater  retention  of  the  heat  which  is  the  consequence  of  it.  For  it  appears 
that  the  amount  of  carbonic  acid  produced  is  greatly  influenced  by  the  tem- 
perature; in  the  Guinea-pig,  according  to  Crawford,  the  quantity  exhaled 
at  104°  is  only  half  that  which  is  generated  at  55*'.  The  final  cause  or 
purpose  of  this  connection  will  be  evident  when  we  consider  the  subject  of 
Animal  Heat. 

536.  It  has  been  supposed,  until  recently,  that  the  azote  of  the  air  under- 
loes  no  change  through  Respiration;  but  the  experiments  of  Dr.  Edwards 
have  shown  that,  although  its  quantity  may  remain  nearly  the  same,  there 
it  a  continual  absorption  and  a  continual  exhalation  of  the  gas.  If  the  ab- 
sorption be  the  more  active,  there  will  be  a  disappearance  of  azote  from  the 
tir;  if  exhalation  predominate,  the  proportion  of  this  gas  will  be  increased. 
Even  in  the  same  animal,  there  maybe  a  variation  in  this  respect  at  different 
periods  of  the  year,  and  even  at  different  parts  of  the  day.     Thus  in  nearly 
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all  the  lower  animals  on  which  he  experimented,  there  was  an  augmentation 
in  the  quantity  of  azote  during  the  summer,  sometimes  equalling  in  the 
course  of  the  day  the  whole  bulk  of  the  animal.  On  the  other  hand,  to- 
wards the  end  of  October,  he  found  that  a  diminution  of  the  nitrogen  began 
to  be  apparent;  and  this  continued  until  the  following  spring. 

537.  The  reaction  which  takes  place  between  the  air  and  the  blood  is 
easily  explained  upon  physical  principles.  If  the  blood  come  to  the  lungi 
charged  with  carbonic  acid,  and  is  exposed  in  their  cells  to  the  influence  of 
atmospheric  air,  which  is  a  mixture  of  oxygen  and  nitrogen,  an  endosmosa 
and  exosmose  of  gases  will  take  place,  according  to  certain  fixed  laws.* 
The  carbonic  acid  of  the  blood  will  pass  out,  to  be  replaced  by  oxygen  and 
nitrogen;  and  the  quantity  of  the  former  which  enters  will  be  much  greater 
than  that  of  the  latter,  on  account  of  the  superior  facility  with  which  oxygen 
passes  through  porous  membranes.  If  the  venous  blood  also  contain  nitrogen 
as  well  as  carbonic  acid,  this  also  will  pass  out,  to  be  replaced  by  the  oxygen 
of  the  air.  Thus,  there  will  be  a  continual  exosmose  of  carbonic  acid  and 
nitrogen,  and  a  continual  endosmose  of  oxygen  and  nitrogen;  and  the  rela- 
tive quantities  of  these  gases  exhaled  and  absorbed  will  be  subject  to  con- 
tinual variation  from  secondary  causes. 

Effects  of  Respiration  on  the  Blood. 

538.  That  an  important  change  is  eflected  in  the  character  of  the  bloodt 
by  exposure  to  atmospheric  air  in  the  lungs,  has  been  known,  from  the 
time  when  it  was  first  ascertained  that  it  is  regularly  transmitted  to  those 
organs.     The  most  obvious  part  of  this  change  is  the  alteration   in  its 
colour,  from  the  dark  purple  of  the  venous  fluid,  to  the  rich  crimson  of  the 
arterial.     But  this  alteration  is  only  the  index  of  changes  far  more  imp<xrt- 
ant,  which  occur  in  its  chemical  constitution.     Respecting  the  nature  of 
these  changes,  there  has  been,  as  formerly  stated,  much  difference  of  opinion; 
some  maintaining  that  the  carbonic  acid  exhaled  is  formed  in  the  lungs;  and 
others,  that  it  is  contained  in  the  venous  blood,  and  is  truly  excret^  froffl 
it.     The  latter  opinion,  which  was  long  since  brought  forwards  by  Li 
Grange  and  Hasscnfratz,  has  recently  obtained  such  full  confirmation,  from 
the  experiments  of  Spallanzani,  Edwards,  Miiller,  Bischoff,  Magnus,  sod 
others,  that  it  will  here  be  adopted  as  a  physiological  truth.     These  ex- 
periments are  of  two  kinds;  first,  those  which  show  that  an  exhalation  of 
carbonic  acid  may  continue  for  a  long  time,  when  the  animal  is  breathiof 
an  atmosphere  in  which  no  oxygen  exists;  and,  secondly,  those  which 
prove  that  much  more  carbonic  acid  exists  in  an  uncombined  state  in  venoof 
blood  than  in  arterial,  whilst  more  oxygen  exists  in  a  similar  condition  is 
arterial  blood  than  in  venous.     The  results  of  these  will  now  be  briefly 
stated. 

530.  It  was  stated,  long  since,  by  Spallanzani,  that  Snails  might  be  kept 
for  a  long  period  in  hydrogen,  without  apparent  injury  to  them;  and  thit 
during  this  period  they  disengaged  a  considerable  amount  of  carbonic  acid* 
Dr.  Edwards  subsequently  ascertained  that,  when  Frogs  were  kept  in  by* 
drogen  for  several  hours,  the  quantity  of  carbonic  acid  exhaled  was  fully  ** 
great  as  it  would  have  been  in  atmospheric  air,  or  even  greater;  this  latter 
fact,  if  correct,  may  be  accounted  for,  by  the  superior  displacing  power, 
which  (on  the  laws  of  the  diffusion  of  gases)  hydrogen  possesses  for  CJtf* 
bonic  acid.     Collard  de  Martigny  repeated  this  experiment  in  nitrogeO' 

*  See  Principles  of  General  and  Comparative  Physiology,  1 437—9. 
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with  the  same  results.  In  both  sets  of  experiments,  the  precaution  was 
used  of  compressing  the  fianks  of  the  animal,  previously  to  immersing  it  in 
the  gas,  so  as  to  expel  from  the  lungs  whatever  mixture  of  oxygen  they 
might  contain.  These  experiments  have  been  since  repeated  by  Miiller 
and  Bergemann,  who  took  the  additional  precaution  of  removing,  by  means 
of  the  air-pump,  all  the  atmospheric  air  that  the  lungs  of  the  frog  might 
previously  contain,  together  with  the  carbonic  acid  that  might  exist  in  the 
alimentary  canal.  They  found  in  one  of  their  experiments,  that  the  quan- 
tity of  carbonic  acid  exhaled  in  hydrogen  was  nearly  a  cubic  inch  in  6i 
hours;  and  in  another,  that  nearly  the  same  amount  was  given  off  in  nitro- 
gen, but  this  required  rather  a  longer  period.  It  appears  from  the  table  of 
their  results,*  that  the  amount  was  not  ordinarily  greater  in  the  experiments 
which  were  prolonged  for  twelve  or  fourteen  hours,  than  in  those  which 
were  terminated  in  half  the  time;  hence  it  may  be  inferred,  that  the  quan- 
tity which  the  blood  is  itself  capable  of  disengaging  is  limited,  and  that  the 
absorption  of  oxygen  is  necessary  to  enable  carbon  to  be  set  free  from  the 
tissues.  An  exception  may  be  taken  to  all  these  experiments,  on  the  ground 
that  they  were  made  upon  cold-blooded  animals;  and  that  in  the  warm- 
blooded tribes  the  character  of  the  change  may  be  different. .  It  is  scarcely 
probable,  however,  that  the  uniformity  of  Nature  should  be  thus  violated. 
There  is  no  difference  in  kind  between  the  alterations  effected  in  the  air  by 
the  respiration  of  warm-blooded,  and  by  that  of  cold-blooded  animals;  the 
only  variation  is  in  degree.  Nor  is  there  any  appreciable  difference  in  the 
character  of  the  changes  effected  upon  their  venous  blood,  by  the  action  of 
oxygen  or  of  other  gases.  It  is  impossible,  however,  for  an  adult  Bird  or 
Mammal  to  sustain  life  for  any  considerable  time  in  an  atmosphere  deprived 
of  oxygen;  since  the  greatly-increased  rapidity  and  energy  of  all  their  vital 
operations,  necessitates  a  much  more  constant  supply  of  this  vivifying  agent, 
than  is  needed  by  the  inferior  tribes;  and,  as  we  shall  presently  see,  the 
capillary  action  necessary  for  the  passage  of  the  blood  through  the  lungs 
will  not  take  place  without  it.  But  Dr.  Edwards  has  shown  that  young 
Mammalia  can  sustain  life  in  an  atmosphere  of  hydrogen  or  nitrogen,  for  a 
sufficient  length  of  time  to  exhale  a  sensible  amount  of  carbonic  acid;  so  that 
the  character  of  the  process  is  clearly  proved  to  be  the  same  in  them  as  in 
Reptiles  and  Invertebrata. 

540.  That  the  change  which  venous  blood  undergoes  in  the  lungs  is  to 
be  explained  upon  principles  of  a  purely  chemical  and  physical  nature,  is 
evident  from  the  fact,  that  the  same  changes  will  take  place  when  it  is  ex- 
posed to  the  air  out  of  the  body,  even  through  the  medium  of  a  thick  mem- 
brane, such  as  a  bladder.  Such  changes,  however,  only  affect  the  surface 
of  the  fluid;  but  this  is  exactly  what  we  should  expect,  since  the  air  has  no 
access  to  the  part  beneath.  The  blood  whilst  circulating  through  the 
capillaries  of  the  lungs,  is  divided  into  an  innumerable  multitude  of  minute 
streamlets,  each  so  small  as  to  admit  but  a  single  layer  of  its  corpuscles; 
snd  in  these,  therefore,  the  surface  which  is  placed  in  contact  with  the  air 
is  so  enormously  extended,  as  to  be  almost  beyond  calculation.  Hence, 
then,  we  can  at  once  understand  how  a  change  may  be  instantaneously 
effected  in  it,  which  would  occupy  several  hours,  when  the  blood  is  less 
advantageously  exposed  to  the  influence  of  oxygen.  The  ultimate  compa- 
rative analysis  of  venous  and  arterial  blood  indicates  the  predominance  of 
carbon  in  the  former,  and  of  oxygen  in  the  latter;  and  it  would  appear  from 

♦  Mailer's  Physiology,  p.  388. 
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the  experiments  of  Michaelis,  that  it  is  in  the  composition  of  the  red  par* 
tides,  that  the  principal  difference  exists.*  ^ 


Venous 

Blood. 

Albumen     .     .     . 

Carbon. 

.     52-650 

Nitrofen. 

15-505 

Hydroeen. 

7-359 

Qxygeo. 
24-486 

Cruor    .... 

.     53-231 

17-392 

7-711 

21-666 

Fibrin    .... 

.     50-440 

17.267 

8*228 

24065 

Total  in  300  parts 

.  156-321 

50164 

23-298 

70-217 

Arterial  Blood. 

Albumen      .     .     . 

Carbon. 

53009 

Nitrogen. 

15-562 

Hydrogen. 

6-993 

OxygML 

24-436 

Cruor     .... 

51-382 

17-253 

8-354 

23-011 

Fibrin     .... 

51.374 

17-587 

7-254 

23-785 

Total  in  300  parts     155-765  50-402  22-601  71-233 

The  analysis  of  Marcet  gives  a  more  decided  predominance  of  cariion  in 
venous  blood  and  of  oxygen  in  arterial;  according  to  him,  venous  blood 
contains  55-7  per  cent,  of  carbon,  and  only  21-7  percent,  of  oxygen;  whilst 
arterial  blood  contains  only  50-2  per  cent,  of  carbon,  but  as  much  as  26*9 
per  cent,  of  oxygen.  The  discrepancy  between  these  results  is  probably  to 
be  accounted  for  by  the  fact  to  be  presently  noticed,  regarding  the  facility 
with  which  important  changes  are  effected  in  the  gaseous  contents  of  Hbs 
blood,  by  a  short  exposure  of  it  to  the  atmosphere.  The  analysis  of  Dr* 
Marcet  probably  over-states  the  difference  between  arterial  and  venoflf 
blood,  as  that  of  Michaelid  underrates  it;  but  from  these  and  other  data,  the 
general  fact  of  the  predominance  of  oxygen  in  the  former  and  of  carbon  Ia 
the  latter  may  be  confidently  stated.  Here,  then,  we  have  an  importat 
confirmation  of  the  doctrine,  that  there  is  an  absolute  removal  of  oxygso 
from  the  air,  during  the  process  of  respiration;  and  not  a  mere  conversion 
of  this  gas  into  carbonic  acid. 

541.  In  what  precise  form  the  variable  amount  of  these  elements  is  con* 
tained  in  the  blood,  has  not  yet  been  clearly  shown.  That  they  roust  bo 
partly  combined  with  its  other  ingredients,  and  not  merely  dissolved  ifl  tbo 
fluid,  is  clear,  from  the  changes  which  they  produce  in  its  aspect  and  pro- 
pertiesv  On  the  other  hand,  it  appears  indubitable  that  they  partly  exist  ia 
it  in  a  mere  state  of  solution,  as  carbonic  acid  and  oxygen  exist  in  ordinary 
water  that  has  been  exposed  to  the  atmosphere.  This  may  be  regarded  if 
established  by  the  numerous  experiments  of  Scudamore,  Clanny,  Bischofi 
and  others;  which  have  shown  that  a  small  quantity  of  these  gases  may  bo 
removed  from  fresh-drawn  blood,  by  exposing  it  to  a  vacuum.  But  tbs 
amount  thus  obtained  is  small  in  proportion  to  that,  which  may  be  procofB' 
by  treating  it  with  hydrogen  or  nitrogen;  for  these  gases  possess,  accordiof 
to  the  laws  of  mutual  diffusion  already  referred  to,  a  much  greater  power  oi 
displacing  the  carbonic  acid  and  oxygen  diffused  through  the  blood,  thsni* 
exerted  by  a  vacuum.  Carbonic  acid,  however,  may  be  obtained  frois 
venous  blood  in  considerable  amount,  by  agitating  it  with  atmospheric  aifi 
the  oxygen  and  nitrogen  of  which  have  a  powerful  displacing  influence  opoit 

♦  Mailer's  Physiology,  p.  333. 
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it;  and  it  is  probable  that  a  large  quantity  is  thns  removed,  during  the  flow 
of  blood  from  the  vein  in  ordinary  bleeding,  especially  when  the  fluid  does 
not  spout  forth  in  a  full  stream,  but  trickles  down  the  arm  in  a  shallow  cur- 
rent. Hence  in  all  experiments  upon  the  gaseous  contents  of  the  blood,  it 
is  essential  that  it  should  flow  direct  from  the  oriflce  into  the  gas  which 
is  to  operate  upon  it;*  and  to  the  neglect  of  this  precaution  may  be  traced 
much  of  the  discrepancy  that  has  prevailed  among  the  several  results  which 
have  been  made  public.  The  quantity  of  carbonic  acid  that  may  be  obtained 
from  venous  blood  by  continued  agitation  of  it  with  atmospheric  air,  is  stated 
by  Muller  at  half  a  cubic  inch  from  seven  cubic  inches  of  the  fluid;  but  when 
it  is  agitated  with  hydrogen,  the  quantity  of  carbonic  acid  obtained  is  some- 
times as  much  as  one-sixth  of  the  volume  of  the  blood.  Hence  we  under- 
stand the  mode,  in  which  the  respiration  of  hydrogen  is  a  powerful  cause 
of  the  extrication  of  carbonic  acid  from  the  lungs  of  those  ■  animals  which 
can  support  life  for  some  time  without  oxygen.  The  most  important  and 
satisfactory  experiments  that  have  been  hitherto  made  upon  the  gases  of  the 
blood,  are  those  of  Magnus.  He  has  shown  that  carbonic  acid,  oxygen,  and 
nitrogen,  may  be  extracted  both  from  arterial  and  venous  blood,  but  in  vary- 
ing proportion.  The  amount  of  oxygen  in  arterial  blood  equals  at  least  one- 
third,  and  frequently  almost  one-half  that  of  the  carbonic  acid;  whilst  in 
venous  blood  the  oxygen  is  scarcely  ever  more  than  one-fourth,  and  often 
less  than  one-fifth,  of  the  carbonic  acid.  The  proportion  of  nitrogen  seems 
to  be  continually  varying,  without  any  fixed  law;  it  is  sometimes  as  little  as 
one-twelfth  of  the  whole  quantity  of  gas  extracted  from  the  blood;  and  some- 
times nearly  a  fourth. 

542.  That  the  change  of  the  colour  of  venous  blood  to  that  of  arterial, 
is  principally  due  to  the  replacement  of  its  carbonic  acid  by  oxygen,  is  very 
easily  shown.  The  simple  removal  of  the  carbonic  acid  by  hydrogen  will 
not  produce  the  alteration;  it  has  been  observed  by  Magnus,  however,  that 
a  slight  change  of  colour  takes  place  in  blood  under  the  vacuum  of  an  air- 
pump,  although  it  does  not  nearly  acquire  the  arterial  tint.  This  falls  in 
with  what  is  known  of  the  influence  of  carbonic  acid  on  the  blood:  in  com- 
mon with  other  acids  it  has  a  blackening  efifect  upon  it,  so  that  arterial  blood 
when  exposed  to  it  becomes  venous,  and  venous  blood  is  rendered  still 
darker;  but  the  simple  removal  of  it  is  not  sufficient  to  restore  the  original 
hue.  This  restoration  may  be  eflected  in  two  ways,-— either  by  the  addition 
of  saline  matter  to  the  blood,— K)r  by  exposing  the  fluid  to  oxygen.  The 
presence  of  a  certain  amount  of  saline  matter  appears,  from  the  experiments 
of  Dr.  Stevens,  to  be  a  condition  necessary  for  the  due  influence  of  oxygen 
upon  the  colouring  matter  of  the  blood;  since  if  it  be  deficient,  the  contact 
of  oxygen  will  not  produce  its  usual  efifect.  On  the  other  hand,  the  addition 
of  saline  matter  (especially  nitre)  will  occasion  a  decided  change  of  hue, 
withoat  any  extrication  of  carbonic  acid  or  absorption  of  oxygen.  Hence  it 
appears  that  the  presence  of  saline  matter  in  the  blood  is  an  essential  con- 
dition for  the  due  eflect  of  the  process  of  oxygenation;  and  that  the  change 
of  colour  may  be  regarded  as  resulting  from  the  conjoint  operation  of  the 
Temoval  of  carbonic  acid  and  the  absorption  of  oxygen. 

543.  The  aeration  of  the  blood  may  take  place,  not  only  by  means  of 
the  lungs,  but  also  through  the  medium  of  the  cutaneous  surface.  In  some 
of  the  lower  tribes  of  animals,  indeed,  this  is  a  very  important  part  of  their 
respiratory  process;  and  even  in  some  Vertebrata,  the  cutaneous  respiration 

•  An  apparatos  contrived  for  this  purpose  by  Dr.  Stevens,  is  described  by  him  in 
the  Phil.  Trans.  1834. 
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is  capable  of  supporting  life  for  a  considerable  time.  This  is  especiallj 
the  case  in  the  Batrachia,  whose  skin  is  soft,  thin,  and  moist;  and  the 
effect  is  here  the  greater,  since  the  blood  which  circulates  through  the  sys- 
tem is,  from  the  small  proportion  of  it  that  has  passed  through  the  lungs, 
very  imperfectly  arterialized.  By  the  experiments  of  BischofT  it  was  as- 
certained that,  even  after  the  lungs  of  a  Frog  had  been  removed,  a  quarter 
of  a  cubic  inch  of  carbonic  acid  was  exhaled  from  the  skin,  during  eight 
hours.  Experiments  which  have  been  made  on  the  Human  subject  leave 
no  room  for  doubt,  that  a  similar  process  is  effected  through  the  medium  of 
his  general  surface;  for,  when  a  limb  has  been  enclosed  for  some  hours  in 
an  air-tight  vessel  containing  atmospheric  air  freed  from  carbonic  acid,  t 
sensible  amount  of  this  gas  has  been  found  to  be  generated.  Moreover,  it 
has  been  observed  not  unfrequently,  that  the  livid  tint  of  the  skin  which 
supervenes  in  Asphyxia,  owing  to  the  non-arterial ization  of  the  blood  ia 
the  lungs,  has  given  place  after  death  to  the  fresh  hue  of  health,  owing  to 
the  reddening  of  the  blood  in  the  cutaneous  capillaries  by  the  action  of  the 
atmosphere  upon  them.     (See  also  Chap,  xiii.) 

544.  From  the  facts  which  have  been  stated,  and  from  many  others  of 
the  same  kind,  the  conclusion  seems  indisputable,  that  the  changes  pro- 
duced by  Respiration  are  of  the  following  nature.     The  arterial  blood  pro- 
pelled from  the  heart  to  the  system  contains  a  large  proportion  of  ozygeOt 
either  free  or  in  loose  combination  with  it;  and  also  a  certain  amount  of  ctf- 
bonic  acid.     During  its  passage  through  the  systemic  capillaries,  it  loses  t 
part  of  its  oxygen,  and  acquires  a  great  increase  in  its  amount  of  carbonic 
acid;  and  it  returns  to  the  heart  in  the  state  of  venous  blood,  its  coloor 
having  been  darkened  by  the  loss  of  its  oxygen  and  by  the  influence  of  the 
acid.     In  the  lungs,  to  which  it  is  then  transmitted,  it  undergoes  byei* 
posure  to  the  atmosphere  the  converse  change  to  that  which  took  place  in 
the  systemic  capillaries;  a  large  part  of  its  carbonic  acid  being  remofedt 
and  a  considerable  addition  being  made  to  the  amount  of  oxygen  which  it 
contains:  its  arterial  hue  and  character  are  thus  restored.     It  may  be  ob* 
served,  then,  that  the  blood,  by  its  alternate  passage  through  the  systemic 
and  pulmonary  capillaries,  serves  to  bring  the  two  into  close  relation;  and 
that  in  this  manner,  the  oxygen  of  the  air  is  enabled  to  act  upon  the  mi* 
nutest  portions  of  those  tissues  of  the  body  that  are  most  distant  from  the 
lungs,  as  completely  as  it  can  do  by  being  directly  introduced  into  their 
substance,  as  it  is  in  Insects.     Owing  to  their  constituting  the  portion  of 
the  blood  most  evidently  affected  by  the  processes  of  venalization  and  arte* 
rial  ization,  the  red  corpuscles  have  been  regarded  by  some  as  the  prinripil 
vehicles  for  the  oxygen  and  for  the  carbonic  acid;  but  of  this  there  is  bo 
sufficient  evidence. 

545.  Much  discussion  has  taken  place  upon  the  question,  whether  the 
exhalation  of  carbonic  acid  is  to  be  regarded  as  a  process  of  secretion;  vsi 
it  has  been  maintained  by  some  (by  Miiller  among  the  rest)  that  our  power 
of  explaining  it  on  physical  principles  should  prevent  this  view  of  it  fro* 
being  entertained.  But  it  may  be  urged,  on  the  other  hand,  that  the  Lunp 
have  in  all  essential  points  a  glandular  structure,  and  that  it  is  an  ascertained 
fact,  that  the  office  of  other  glands,  equally  with  theirs,  is  to  separate  from 
the  blood  ingredients  which  pre-exist  in  it;  it  can  scarcely  be  regarded  a* 
improbable,  therefore,  that  the  process  by  which  some  of  these  elaborat* 
their  secretions  is  of  a  character  equally  physical  with  that  by  which  the 
carbonic  acid  is  thrown  off  from  the  lungs. 

546.  We  have  now  to  consider  the  results  of  the  cessation  of  the  Respi- 
ratory function,  and  the  consequent  retention  of  carbonic  acid  in  the  blood. 
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If  this  be  snfficiently  prolonged,  a  condition  ensues  to  which  the  name  of 
Asphyxia  has  been  given;  the  essential  character  of  which  is  the  cessation 
of  muscular  movement,  and  shortly  afterwards  of  the  circulation;  with  an 
accumulation  of  blood  in  the  venous  system.  The  time  which  is  necessary 
for  life  to  be  destroyed  by  asphyxia  varies  much,  not  only  in  different  ani- 
mals, bnt  in  different  states  of  the  same.  Thus  Warm-blooded  animals 
are  much  sooner  asphyxiated  than  Reptiles  or  Invertebrata;  and,  on  the 
other  hand,  a  hybernating  Mammal  supports  life  for  many  months  with  a 
respiration  sufficiently  low  to  produce  speedy  asphyxia  if  it  were  in  a  state 
of  activity.  And  among  Mammalia  and  Birds,  there  are  many  species 
which  are  adapted,  by  peculiarities  of  conformation,  to  sustain  a  deprivation 
of  air  for  much  more  than  the  average  period.*  Excluding  these,  it  may 
be  stated  as  a  general  fact,  that,  if  a  warm-blooded  animal  in  a  state  of  ac- 
tivity be  deprived  of  respiratory  power,  its  muscular  movements  (with  the 
exception  of  the  contraction  of  the  heart)  will  cease  within  five  minutes, 
often  within  three;  and  that  the  circulation  generally  fails  within  ten 
minntes.  Many  persons,  however,  are  capable  of  sustaining  a  deprivation 
of  air  for  three,  four,  or  even  five  minutes,  without  insensibility  or  any 
other  injury;  but  this  power,  which  seems  possessed  to  the  greatest  degree 
by  the  divers  of  Ceylon,  can  only  be  acquired  by  habit.  The  period  during 
which  remedial  means  may  be  successful  in  restoring  the  activity  of  the 
vital  and  animal  functions,  is  not,  however,  restricted  to  this.  Cases  are 
not  unfrequent  of  the  revival  of  drowned  persons  after  a  submersion  of  half 
an  hour;  and  more  than  one  has  been  credibly  recorded,  in  which  above 
three-qnarters  of  an  hour  had  clasped.  It  is  not  improbable,  however,  that 
in  some  of  these  cases  a  state  of  syncope  had  come  on  at  the  moment  of 
immersion,  through  the  influence  of  fear  or  other  mental  emotion,  concus- 
sion of  the  brain,  Sic;  so  that,  when  the  circulation  was  thus  enfeebled, 
the  deprivation  of  air  would  not  have  the  same  injurious  effect,  as  when 
this  function  was  in  full  activity.  The  case  would  then  closely  resemble 
that  of  a  hybernating  animal;  for  in  both  instances  the  being  might  be  said 
to  live  very  slowly,  and  would  therefore  not  require  the  usual  amount  of 
vital  stimuli.  The  condition  of  the  still-born  infant  is  in  some  respects  the 
same;  and  reanimation  has  been  successfully  attempted,  when  nearly  half 
an  hour  had  intervened  between  birth  and  the  employment  of  resuscitating 
means,  and  when  probably  a  much  longer  time  had  elapsed  from  the  period 
of  the  suspension  of  the  circulation. 

547.  It  has  now  been  sufficiently  proved,  both  by  experiment  and  by 
pathological  observation,  that  the  first  effect  of  the  non-arterialization  of  the 
blood  in  the  lungs,  is  the  retardation  of  the  fluid  in  their  capillaries;  of  which 
the  accumulation  in  the  venous  system,  and  the  deficient  supply  of  the  arte- 
rial, are  the  necessary  consequences.  It  is  some  time,  however,  before  a 
complete  stagnation  takes  place  from  this  cause;  since,  as  long  as  the  pro- 
portion of  oxygen  which  remains  in  the  air  in  the  lungs  is  considerable,  and 
that  of  the  carbonic  acid  is  small,  so  long  will  some  imperfectly  arterialized 
blood  find  its  way  back  to  the  heart,  and  be  transmitted  to  the  system.  This 
blood  will  have  a  depressing  influence  upon  the  functions  of  the  brain  and 

*  Thus,  the  Cetacea  contain  far  more  blood  in  their  vessels,  than  do  any  other 
Mammalia;  and  these  vessels  arc  so  arranged,  that  both  arteries  and  veins'  are  in 
connection  with  large  reservoirs  or  diverticula.  The  reservoirs  belonging  to  the 
former  are  usually  full;  but  when  the  Whale  remains  long  under  water,  the  blood 
which  ihey  contain  is  gradually  introduced  into  the  circulation,  and,  after  becoming 
Tenoas  accumulates  in  the  reservoirs  connected  with  the  venous  system.  By  means 
of  this  provision,  the  Whale  can  remain  under  water  for  more  than  an  hour. 
50 
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of  the  innscular  system,  which  influence  is  aided  by  the  diminution  that 
gradually  takes  place  in  the  quantity  of  blood  propelled  through  the  aorta; 
and  the  actions  of  the  respiratory  muscles  and  of  the  heart  will  therefore 
soon  biecome  enfeebled.  The  cessation  of  the  heart's  contraction  is  due  to 
two  distinct  causes,  acting  on  the  two  sides;  for  on  the  right  side  it  is  the 
result  of  the  over-distension  of  the  walls  of  the  ventricle,  owing  to  the 
accumulation  of  venous  blood;  and  on  the  left  to  the  deficiency  of  the 
stimulus  necessary  to  excite  the  movement.  The  property  of  contractility 
is  not  finally  lost  nearly  as  soon  as  the  movements  cease;  for  the  action  of 
the  right  ventricle  may  be  renewed,  for  some  time  after  it  has  ceased,  by 
withdrawing  a  portion  of  its  contents^— either  through  the  pulmonary  ai^ 
tery,  their  natural  channel,— or,  more  directly,  by  an  opening  made  in  its 
own  parietes,  in  the  auricle,  or  in  the  jugular  vein.  (§  489.)  On  the  other 
hand,  the  leA  ventricle  may  be  again  set  in  action,  by  renewing  its  appro- 
priate stimulus  of  arterial  blood.  Hence,  if  the  stoppage  of  the  circalation 
have  not  been  of  too  long  continuance,  it  may  be  renewed  by  artificial  respi- 
ration; for  the  replacement  by  oxygen  of  the  carbonic  acid  in  the  air-cells 
of  the  lungs,  restores  the  circulation  through  the  pulmonary  capillaries,  and 
thus  at  the  same  time  relieves  the  distension  of  the  right  ventricle,  and  con- 
veys to  the  left  the  due  stimulus  to  its  actions. 

548.  Of  the  mode  in  which  the  pulmonary  circulation  is  stagnated  by 
the  want  of  oxygen,  and  renewed  by  its  ingress  into  the  lungs,  no  other 
explanation  can  be  given,  than  that  which  has  been  heretofore  offered  of  t)ie 
capillary  circulation  in  general, — namely,  that  the  performance  of  the  no^ 
mal  reaction  between  the  blood  and  the  surrounding  medium  (whether  this 
be  air,  water,  or  solid  organized  tissue)  is  a  condition  necessary  to  the  regu- 
lar movement  of  the  blood  through  the  extreme  vessels.*    This  view  has 
recently  obtained  additional  support  from  the  experiments  of  Dr.  J.  Reid 
on  the  Respiration  of  Azote.t   He  found  that,  when  the  ordinary  respiration 
of  an  animal  is  interrupted,  and  the  Asphyxia  is  proceeding  to  the  stage  of 
insensibility,  the  first  effect  upon  the  arterial  system  is  an  increased  dis- 
tension (as  indicated  by  the  haeraadynamometer),  even  although  tfie  blood 
is  at  that  time  nearly  venous  in  its  character;  this  indicates  that  the  fluid* 
now  so  perverted,  is  unable  to  pass  with  facility  through  the  systemic 
capillaries,  in  consequence  of  its  not  being  in  a  state  fit  for  the  performance 
of  its  normal  actions.     As  the  stagnation  in  the  pulmonary  capillaries  be- 
comes more  complete,  however,  less  and  less  blood  is  returned  from  the 
lungs  to  the  heart;  and,  the  systemic  arteries  being  gradually  unloaded 
without  being  refilled,  the  pressure  of  the  blood  upon  their  walls  diminishes, 
and  at  last  is  no  longer  experienced.     Its  diminution  is  not  arrested  by 
causing  the  animal  to  breathe  nitrogen,  although  the  respiratory  mc^ements 
are  renewed, — thus  proving  that  the  stagnation  of  the  blood  in  the  capill** 
ries  of  the  lungs  is  not  due  (as  some  have  supposed)  to  a  mechanical  in* 
pediment;  but  the  pressure  is  immediately  increased  by  the  admission  of 
atmospheric  air,  which  occasions  the  renewal  of  the  pulmonary  circulatioOf 
and  the  consequent  increase  in  the  supply  of  aerated  blood  to  the  systeoie 
arteries. 

Exhalation  and  Absorption  by  the  Lungs. 

549.  The  alteration  in  the  porportions  of  its  usual  gaseous  ingredientSi 

•  For  a  fuller  discussion  of  the  Pathology  of  Asphyxia,  see  the  Author's  essay** 
the  subject  in  the  Library  of  Practical  Medicine,  Vol.  iir. 
t  Edinb.  Med.  and  Surg.  Journal,  April,  1841. 
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is  by  no  means  the  only  change  which  the  Blood  undergoes  in  the  Lnngs, 
It  parts,  also,  with  a  considerable  amount  of  water,  in  the  form  of  vapour; 
this  usually  contains  a  certain  proportion  of  animal  matter;  and  it  is  some- 
times charged  with  volatile  substances  that  have  been  elsewhere  introduced 
into  the  blood,  or  which  have  been  formed  during  its  assimilation.  It  may 
also  absorb  from  the  atmosphere  volatile  matter  diffused  through  it.  Both 
these  changes  are  probably  to  be  explained  upon  simple  physical  principles; 
being  dependent  on  the  exposure  of  the  blood  to  the  atmosphere  with  a  very 
extensive  surface,  and  through  a  membrane  of  great  permeability.  Of  the 
fluid  ordinarily  exhaled  with  the  breath,  a  part  doubtless  proceeds  from  the 
moist  lining  of  the  nostrils,  fauces,  &c.;  but  it  is  indisputable  that  the  greater 
proportion  of  it  comes  from  the  lungs;  since,  when  the  respiration  is  entirely 
performed  through  a  canula  introduced  into  the  trachea,  the  proportion  of 
watery  vapour  which  the  breath  contains,  is  still  very  considerable.  The 
quantity  which  thus  passes  off  is  by  no  means  trifling;  probably  between 
16  and  20  ounces  in  the  twenty-four  hours.  It  is  not  so  liable  to  variation 
under  the  influence  of  temperature,  the  movement  of  the  surrounding  air,  and 
other  similar  causes,  as  is  the  cutaneous  transpiration;  for  air  introduced 
into  the  air-cells  of  the  lungs  will,  under  almost  all  circumstances,  be  nearly 
the  same  in  regard  to  such  conditions,  and  will,  therefore,  dissolve  an  equal 
amount  of  watery  vapour.  It  is  considered  by  Dr.  Prout,  (and,  in  the  Au- 
thor's opinion,  with  much  probability,)  that  the  principal  source  of  this 
vapour  is  not  the  blood  properly  so  called,  but  the  chyle  and  lymph  which 
has  just  been  introduced  into  it  from  the  thoracic  duct;  a  loss  of  a  portion 
of  their  fluid  being  required  to  give  them  sufficient  concentration.  A.  process 
very  analogous  takes  place  in  Plants;  for  a  very  large  proportion  of  the 
water  taken  up  in  the  crude  sap  is  parted  with  in  the  leaves;  and  this  con- 
centration is  one  important  step  in  the  process,  by  which  the  crude  sap  is 
converted  into  the  latex  or  nutritious  juice.  The  fluid  thrown  off*  from  the 
longs  is  not  pure  water.  It  holds  in  solution,  as  might  have  been  expected, 
a  considerable  amount  of  carbonic  acid,  and  also  some  animal  matter;  the 
exact  nature  of  the  latter,  which  according  to  Collard  de  Martigny  constitutes 
about  3  parts  in  1000,  has  not  been  ascertained.  If  the  fluid  be  kept  in  a 
dosed  vessel,  and  be  exposed  to  an  elevated  temperature,  a  very  evident 
putrid  odour  is  exhaled  by  it.  Every  one  knows  that  the  breath  itself  has, 
occasionally  in  some  persons,  and  constantly  in  others,  a  fetid  taint;  when 
this  does  not  proceed  from  carious  teeth,  ulcerations  in  the  air-passages, 
disease  in  the  lungs,  or  other  similar  causes,  it  must  result  from  the  excretion 
of  the  odorous  matter,  in  combination  with  watery  vapour,  from  the  pulmo- 
nary surface.  That  this  is  the  true  account  of  it  seems  evident,  from  the 
analogous  phenomenon  of  the  excretion  of  turpentine,  camphor,  alcohol,  and 
other  odorous  substances,  which  have  been  introduced  into  the  venous  sys- 
tem, either  by  natural  absorption,  or  by  direct  injection;  and  also  from  the 
suddenness  with  which  it  manifests  itself,  when  the  digestive  apparatus  is 
slightly  disordered. 

550.  The  Lungs  are  capable,  under  peculiar  circumstances,  of  absorbing 
fluid  from  the  atmosphere.  Thus  Dr.  Madden*  has  shown  that,  if  the  vapour 
of  hot  water  be  inhaled  for  some  time  together,  the  loss  by  exhalation  is 
found  to  be  so  much  less  than  usual,  as  to  indicate  that  the  cutaneous  trans- 
piration is  partly  counterbalanced  by  pulmonary  absorption,  the  pulmonary 
exhalation  being  at  the  same  time  entirely  checked.  It  is  probable  that,  if  the 
quantity  of  fluid  in  the  blood  had  been  previously  diminished  by  excessive 

♦  Prize  Essay  on  Cutaneous  Absorption,  p.  55. 
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sweating,  or  by  other  copious  fluid  secretions,  the  pulmonary  absorption 
would  have  been  much  greater.     Still  in  the  cases  formerly  mentioned 
(§  462),  in  which  a  large  increase  in  weight  could  only  be  accounted  for  on 
the  supposition  of  absorption  of  water  from  the  atmosphere,  it  seems  probable 
that  the  cutaneous  surface  was  chiefly  concerned;  for  it  can  only  be  when 
the  air  introduced  into  the  lungs  is  saturated  with  watery  vapour,  that  the 
usual  exhalation  will  be  checked,  or  that  any  absorption  can  take  place. 
That  absorption  of  volatile  matter  diffused  through  the  air  is,  however, 
continually  taking  place  by  tlie  lungs,  is  easily  demonstrated.     A  familiar 
example  is  the  effect  of  the  inhalation  of  the  vapour  of  turpentine  upon  the 
urinary  excretion.     It  can  only  be  in  this  manner  that  those  gases  act  upon 
the  system,  which  have  a  noxious  or  poisonous  effect  when  mingled  in 
small  quantities  in  the  atmosphere.    Of  these,  sulphuretted  hydrogen  is  one 
of  the  most  powerful  in  its  action;  for  it  has  been  found  that  air  impregnated 
with  1-1 500th  part  of  it  will  kill  a  bird  in  a  very  short  time;  and  tliat  a 
quantity  but  little  more  than  double,  namely  l-800th  part,  will  soon  kill  t 
dog.     This  gas  is  exhaled  in  large  quantities  from  many  forms  of  decom- 
posing animal  and  vegetable  matter;  and  it  has  recently  been  shown  (by 
Professor  Daniell)  to  be  absorbed  by  the  water  of  the  estuaries  of  those 
African  rivers,  whose  mouths  are  regarded  as  among  the  most  pestilential 
spots  upon  the  surface  of  the  globe.     Carburetted  hydrogen  is  another  gas 
whose  effects  are  similar;  but  a  larger  proportion  is  required  to  destroy  life. 
551.  Carbonic  acid  gas,  also,  appears  to  be  absorbed  by  the  lungs,  when 
a  large  proportion  of  it  is  contained  in  the  atmosphere.     The  accumula* 
tion  of  this  gas  in  the  blood,  when  the  respired  air  is  charged  with  it 
even  to  a  moderate  amount,  might  be  attributed  to  the  impediments  thus 
offered  to  its  ordinary  exhalation;   but  the  following  experiment  appean 
to  prtve  that  it  may  be  actually  absorbed  into  the  blood,  and  will  thus 
exert  a  real  poisonous  influence,  and  not  merely  produce  an  asphyxiating 
effect     It  was  found  by  Rolando  that  the  air-tube  of  one  lung  of  the  land- 
tortoise  may  be  tied,  without  apparently  doing  any  material  injury  to  the 
animal,  as  the  respiration  performed  by  the  other  is  suflicient  to  inaintaia 
life  for  some  time;  but,  having  contrived  to  make  a  tortoise  inhale  ca^ 
bonic  acid  by  one  lung,  whilst  it  breathed  air  by  the  otiier,  he  found  that 
the  animal  died  in  a  few  hours.''^    Cyanogen  is  another  gas  which  has  an 
actively-poisonous  influence  upon  animals,  when  absorbed  into  the  lungs; 
its  agency,  also,  is  of  a  narcotic  character.     It  is  singular  that  the  effects 
of  the  respiration  of  pure  oxygen  should  not  be  dissimilar.     At  first,  the 
rapidity  of  the  pulse  and  the  number  of  the  respirations  are  increased,  and 
the  animal  appears  to  suffer  little  or  no  inconvenience  for  an  hour,  but 
symptoms  of  coma  then  gradually  develope  themselves,  and  death  ensues 
in  six,  ten,  or  twelve  hours.    If  the  animals  are  removed  into  the  air  before 
the  insensibility  is  considerable,  they  then  quickly  recover.     When  the 
body  is  examined,  the  heart  is  seen  beating  strongly,  while  the  diaphragm 
is  motionless;  the  whole  blood  in  the  veins  as  well  as  in  the  arteries  is  of 
a  bright  scarlet  colour;  and  several  of  tlie  membranous  surfaces  have  the 
same  tint.     The  blood  is  observed  to  coagulate  with  remarkable  rapidity; 
and  it  is  to  the  alteration  in  its  properties  occasioned  by  the  hyper-arterial* 

♦  The  faial  result  of  breathing  the  fumes  of  charcoal  is,  therefore,  not  simple*^ 
phyxia,  such  as  would  result  from  breathing  hydrogen  or  nitrogen.  Other  volaiil* 
products  are  set  free  in  the  combustion  of  charcoal,  besides  carbonic  acid.  Mr* 
Coalhupe  (loc.  cit.)  slates  these  lobe  Carbonate,  Muriate,  and  Sulphate  of  Amraoniai 
carbonic  oxide,  oxygen,  nitrogen,  watery  vapour,  and  empyreumatic  oil;  to  tbcst 
sulphurous  acid  may  appear  to  be  properly  added. 
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ization,  and  indicated  by  this  condition,  that  we  are  probably  to  attribute 
tlie  fatal  result.  There  can  be  no  doubt  that  in  this  instance  an  undue 
amount  of  oxygen  is  absorbed.  Death  is  also  caused  by  the  inhalation  of 
several  gases  of  an  irritant  character,  such  as  sulphurous,  nitrous,  and  mu- 
riatic acids;  but  it  is  doubtful  how  far  they  are  absorbed,  or  how  far  their 
injurious  effects  are  due  to  the  abnormal  action  which  they  excite  in  the 
lining  membrane  of  the  air-cells  and  tubes.  It  cannot  be  doubted  that 
miasmata  and  other  morbific  agents  diffused  through  the  atmosphere,  are 
more  readily  introduced  into  the  system  through  the  pulmonary  surface 
than  by  any  other;  and  our  aim  should  therefore  be  directed  to  the  disco- 
very of  some  counteracting  agents  which  can  be  introduced  in  the  same 
manner.  The  pulmonary  surface  affords  a  channel  for  the  introduction  of 
certain  medicines  that  can  be  raised  in  vapour,  when  it  is  desired  to  affect 
the  system  with  them  speedily  and  powerfully;  such  are  iodine,  mercury, 
tobacco,  stramonium,  &;c. 


CHAPTER  XI. 


OF   NUTRITION. 


551.  The  Function  of  Nutrition  essentially  consists  of  the  conversion  of 
the  fluid  alimentary  materials, — prepared  by  the  Digestive  process,  and  in- 
troduced into  the  system  by  Absorption, — into  organized  tissue,  possessed 
of  certain  properties  which  inorganic  matter  never  exhibits,  and  which, 
being  neither  physical  nor  chemical,  are  termed  VttoL  We  shall  hereafter 
see  reason  to  believe  that  the  manifestation  of  these  vital  properties,  which 
gives  rise  to  the  various  phenomena  of  Life,  is  to  be  considered  as  a  result 
of  the  process  of  organization  to  which  matter  is  subjected  in  the  living 
body  ($  560). 

Organizable  Principles. 

552.  It  has  been  shown  (§  464)  that  the  Chyle  taken  up  by  the  lacteals 
IB  composed  of  water  holding  albumen  and  saline  mutter  in  solution,  and 
having  oily  matter  mingled  with  it.  Albumen  may  be  regarded  as  the  proxi- 
mate element  at  the  expense  of  which  all  the  animal  tissues  are  formed;  and 
it  seems  to  hold  very  much  the  same  station  in  the  Animal  economy  with 
Gum  in  the  Vegetable.  As  long  as  this  compound  remains  in  the  state 
which  is  regarded  by  Chemists  as  characteristic  of  it,  it  exhibits  no  trace  of 
organization;  and  it  is  only  when  it  has  been  brought  under  the  influence  of 
a  living  tissue,  that  it  undergoes  any  important  change  in  its  characters.  It 
it  properly  designated  an  organizable  compound;  and  its  composition  ap- 
pears to  be  such,  that  the  Chemist  need  not  despair  of  being  ultimately  able 
to  produce  it  in  his  laboratory.  The  properties  of  albumen  may  be  studied 
in  the  white  of  egg^  or  in  the  serum  of  blood,  from  both  of  which  situations 
it  may  be  obtained  in  a  pure  state  by  very  simple  means.  In  the  animal 
fluids  it  exists  in  a  soluble  state;  and  even  when  it  has  been  dried  (at  a  tem- 
perature of  120°)  it  is  readily  dissolved  again  in  water,  forming  a  glairy, 
toloorieas,  and  nearly  tasteless  fluid.     When  dissolved  in  water,  it  coagu- 
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lates  at  158^;  a  very  dilute  solution,  however,  does  not  become  turbid  until 
it  is  boiled.  When  the  coagulation  of  Albumen  tikes  place  rapidly,  a 
coherent  mass  is  formed,  which  shows  no  trace  whatever  of  organization; 
but,  when  the  process  is  more  gradual,  minute  granules  present  themselves, 
which  do  not,  however,  exhibit  any  tendency  towards  a  higher  form  of 
structure.  It  is  thrown  down  from  its  solution,  in  a  coagulated  state,  by 
alcohol,  creosote,  and  by  most  acids  (particularly  nitric)  with  the  exception 
of  the  acetic.  These  precipitates  are  definite  compounds  of  the  acids  with 
the  albumen,  which  here  acts  the  part  of  a  base.  On  the  other  hand,  coagu- 
lated albumen  dissolves  in  caustic  alkalies,  and  neutralizes  them;  so  that  it 
must  here  act  as  an  acid.  A  solution  of  albumen  in  water  is  precipitated 
by  acetate  of  lead  and  by  many  other  metallic  solutions;  and  insoluble  com- 
pounds are  formed,  of  which  one — the  albuminate  of  the  chloride  of  mer- 
cury— is  of  much  interest,  as  being  that  which  is  produced  by  the  mixture 
of  a  solution  of  albumen  with  one  of  corrosive  sublimate.  Albumen,  both 
in  its  soluble  and  insoluble  state,  always  contains  a  certain  amount  of  sul- 
phur (§  455),  which  blackens  metallic  silver.  Soluble  albumen  dissolves 
phosphate  of  lime;  and  about  two  per  cent,  of  this  salt  may  be  separated 
from  it  in  its  coagulated  state. 

553.  Subsequently  to  its  introduction  into  the  living  system,  albumen 
undergoes  a  very  peculiar  modification,  by  which  it  is  converted  into  Fibrin. 
As  already  mentioned  (§  464)  it  appears  from  the  most  exact  analyses,  that 
the  ultimate  composition  of  these  two  substances  is  the  same;  but  their  pro- 
perties are  widely  different;  and  this  may  be  regarded  as  an  instance  in 
which  there  is  an  analogy  among  Organic  compounds^  with  the  phenomena 
of  Isomerism  in  Inorganic  Chemistry.     We  shall  presently  see  that  Fibrin 
may  be  regarded  as  albumen  in  which  the  process  of  organization  has  began; 
its  molecules  being  ready  to  assume  the  peculiar  arrangement  that  is  so 
designated;  but  this  arrangement  only  takes  place  completely,  when  ths 
fibrinous  mass  is  in  contact  with  a  living  tissue,  and  is  therefore  to  a  certain 
degree  under  its  infiuence.     Fibrin,  like  albumen,  may  exist  in  a  soluble  orin 
a  coagulated  state;  its  soluble  form  only  occurs,  however,  in  the  living  animal 
fluids, — the  chyle,  lymph,  and  blood, — and  it  seems  to  be  the  intermediate 
condition  between  the  soluble  albumen,  and  the  solid  organized  substanorf 
which  are  formed  from  it.     When  withdrawn  from  the  blood-vessels,  the 
blood  soon  coagulates  (as  do  also  the  chyle  and  lymph,  when  they  contain 
sufficient  fibrin,  §§  564  and  565);  and  this  coagulation  is  entirely  due  to  a 
change  in  the  condition  of  the  fibrin,  the  particles  of  which  have  a  tendency 
to  aggregation.     The  fibrin  may  be  obtained  in  a  separate  form  by  stirring 
fresh-drawn  blood  with  a  stick,  to  which  it  adheres  in  threads;  these  contain 
some  fatty  matter  which  is  to  be  washed  out  with  alcohol.     In  this  condi- 
tion it  possesses  the  softness  and  elasticity  which  characterize  the  flesh  of 
animals,  and  contains  about  three-fourths  of  its  weight  of  water.     It  maybe 
deprived  of  this  water  in  dry  air,  and  then  becomes  a  hard  and  brittle  s«h" 
stance;  but,  like  flesh,  it  imbibes  water  again  when  moistened,  and  recovers 
its  original  softness  and  elasticity.     When  burned,  it  always  leaves,  like 
albumen,  a  portion  of  phosphate  of  lime.     Fibrin  is  insoluble  in  alcohol  and 
ether,  and  also,  under  ordinary  circumstances,  in  water;  but  when  lonf 
boiled  in  water,  especially  under  pressure,  its  nature  is  altered,  and  it  becoffl«* 
soluble.     This  is  also  the  case  with  coagulated  albumen.     Fibrin,  like  albu- 
men, unites  with  acids  as  a  base,  forming  definite  compounds;  and  ^i^ 
bases  as  an  acid.     Its  correspondence  with  albumen  has  been  recently 
proved  by  the  fact  (first  stated  by  M.  Denis)  that  it  may  be  entirely  di*" 
solved  in  a  solution  of  nitrate  of  potash;  and  that  this  solution  is  coagoUted 
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by  heat,  and  greatly  resembles  a  solution  of  albumen.  This  is  only  true, 
however,  of  the  ordinary  fibrin  of  venous  blood;  for  that  obtained  from  arte- 
rial blood,  from  the  buffy  coat,  or  from  fibrin  exposed  for  some  time  to  the 
air,  is  not  thus  soluble.  This  is  an  important  and  interesting  circumstance. 
The  difierence  appears  to  depend  upon  the  larger  quantity  of  oxygen  con- 
tained in  the  latter;  for  a  solution  of  venous  fibrin  in  nitre,  contained  in  a 
deep  cylindrical  jar,  allows  a  precipitate  in  fine  flocks  to  fall  gradually,  pro- 
vided the  air  have  access  to  the  surface,  but  not  if  it  be  prevented  from 
coming  in  contact  with  the  fluid;  this  precipitate  is  insoluble  in  the  solution 
of  nitre,  and  possesses  the  properties  of  arterial  fibrin.*  Hence  it  may  be 
inferred  that  the  fibrin  of  venous  blood  most  nearly  resembles  albumen; 
whilst  that  of  arterial  blood,  and  of  the  buffy  coat,  contains  more  oxygen, 
and  is  more  highly  animalized.  It  is  evident  from  this  circumstance,  that 
the  matter  of  the  red  corpuscles  is  by  no  means  the  only  constituent  of  the 
blood  which  undergoes  a  change  in  the  respiratory  process. 

554.  It  is  in  the  Fibrin  of  the  Blood,  which  appears  to  be  formed  by  the 
action  of  the  living  solids  upon  its  Albumen  (§  566),  that  all  the  organized 
or  structaralized  constituents  of  the  body  have  their  immediate  origin. 
Hence  it  has  been  designated  as  the  general  formative  element,  or  blastema^ 
(germinal  matter).  When  withdrawn  from  the  body  and  left  to  itself,  it 
forms  a  firm  coagulum,  which  has  been  designated  as  hyaline  or  vitreous 
substance,  from  its  apparent  homogeneousness;  a  similar  substance  consti- 
tutes a  large  proportion  of  certain  animal  solids.  When  decomposition 
commences  in  this  mass  (and  even  in  the  greatly-debilitated  living  body,  in 
which  the  fibrin  appears  to  be  imperfectly  formed,)  a  granular  mode  of 
aggregation  is  evident  in  the  fibrinous  coagulum.t  According  to  Mr.  Gul- 
liver's recent  observations,  distinct  traces  of  organization  may  not  unfre- 
quently  be  detected  in  the  hyaline  substance.  When  a  clot  has  been 
hardened  by  boiling,  and  the  thinnest  edge  of  a  thin  slice  is  examined  under 
the  highest  power  of  the  microscope,  a  distinctly  fibrillated  arrangement 
may  be  generally  seen.  The  fibrils  sometimes  unite  into  a  delicate  frame- 
work of  areolar  tissue;  the  interspaces  of  which  are  filled  up  with  fibrinous 
pulp,  either  quite  homogeneous,  or  pervaded  by  most  minute  molecules. 
In  the  midst  of  the  coagulum  certain  other  bodies  often  present  themselves, 
which  are  probably  to  be  considered  as  germs  of  the  simplest  forms  of 
organized  tissue.  The  nature  of  these  will  be  better  understood,  after  what 
is  known  of  the  first  process  of  organization  has  been  stated. 

Formation  of  Cells. 

555.  A  very  large  proportion  of  the  Vegetable  Organism  (in  the  simplest 
Plants  the  entire  structure)  is  made  up  of  cells  or  vesicles,  which  are  minute 
closed  sacs,  whose  walls  are  composed  in  the  first  instance  of  a  delicate 
membrane,  frequently  strengthened,  at  a  period  long  subsequent  to  their 
first  formation,  by  some  internal  deposit.  The  form  of  these  cells  is 
extremely  variable,  and  depends  chiefly  upon  the  degree  and  direction  of 
the  pressure  to  which  they  may  have  been  subjected  at  the  period  of  their 
origin  and  subsequently  to  it.     Sometimes  they  are  spheroidal;  sometimes 

*  Scherer,  Chemisch-physiologische  Untersachungen;  Annalen  der  Chemie,  Oct. 
1841;  qaoted  in  Graham's  Chemistry,  p.  1025; 

t  It  has  been  shown  by  Mr.  Gulliver,  that  the  substance  which  is  occasionally  found 
In  the  interior  of  fibrinous  clots,  and  which  has  been  considered  by  Gendrin  and 
other  French  patholos^isis  as  pus^  is  nothing  else  than  softened  fibrin.  The  granules 
^re  £ftr  more  minute  than  the  real  pus-globules  hereafter  to  be  described. 
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cubical  or  prismatic;  sometimes  cylindrical;  and  sometimes  very  much  pro- 
longed. These  cells  may  undergo  various  transformations.  One  of  the 
most  common  is  the  conversion  of  several  into  a  continuous  tube.  This  is 
principally  seen  in  the  vessels  through  which  the  sap  ascends  the  stem; 
these  appear  to  have  been  formed  by  the  breaking  down  of  the  transverse 
partitions  between  a  regular  series  of  cylindrical  cells  laid  end  to  end;  and 
the  remains  of  such  partitions  may  frequently  be  seen  in  them.  The  ducts 
which  convey  the  ascending  sap  do  not  inosculate  with  each  other,  their 
purpose  being  merely  to  carry  it  direct  to  the  leaves ;  but  the  vesBels 
through  which  the  descending  or  elaborated  sap  flows  are  of  very  different 
character;  for  their  purpose  is  to  distribute  the  nutritious  fluid  through  the 
tissues  (§  497);  and  they  anastomose  very  freely,  just  as  do  the  capiilaries 
of  Animals.  The  network  which  they  form,  however,  can  be  ai  clearly 
traced  to  an  origin  in  cells  whose  cavities  were  originally  distinct,  as  can 
the  bundles  of  straight  non-communicating  ducts.  Another  important 
transformation  of  the  original  cells  is  that  by  which  the  woody  fibres,  that 
compose  nearly  all  the  fibrous  textures  of  Vegetables,  are  produced. 
These  fibres  are  still  cells,  but  their  form  is  very  much  elongated;  they 
have  a  fusiform  or  spindle  shape,  being  tubes  drawn  to  a  point  at  each  end; 
at  first  they  are  quite  pervious,  like  ordinary  cells,  but  in  the  older  wood 
their  cavity  is  filled  up  by  interior  deposit.  There  seems  reason  to  bdieve 
that  fasciculi  of  these  fibre-cells  originate  within  certain  of  the  ordinaiy 
cells  of  .the  primary  cellular  tissue;  for  in  the  young  Plant,  the  latter  alone 
can  be  detected;  and  it  is  not  until  the  operation  of  the  leaves  has  fairly 
commenced  that  any  true  woody  structure  is  formed.  Thus,  ceils  or  veti- 
cles  may  be  regarded  as  the  primordia  of  all  the  Vegetable  tissues.  T*he 
next  question  is, — how  are  cells  formed? 

556.  Cells  may  originate  in  two  modes;  either  in  an  organizable  fluid, 
under  the  influence  of  a  living  solid  tissue  with  which  it  is  in  contact;— 4V 
in  the  interior  of  previously-formed  cells.     Both  these  modes  may  be  ob- 
served in  the  Animal  as  well  as  in  the  Vegetable  organism;  and  the  rigfat 
comprehension  of  them  is  of  the  utmost  importance.    It  has  been  remarked 
that  Gum  holds  the  same  rank  in  the  economy  of  the  Plant,  as  Albomeo 
does  in  that  of  the  Animal;  and  the  glutinous  compound  which  exists  in  tbf 
elaborated  sap,  and  which  is  especially  abundant  in  parts  where  organist* 
tion  is  taking  place  with  rapidity,  may  be  compared  with  Fibrin.    Thii 
glutinous  sap  undergoes  a  sort  of  coagulation  when  withdrawn  from  the 
vessels;  and  it  may  be  sometimes  perceived  to  resolve  itself  into  distinct 
organic  forms.     The  process  of  organization  may  be  observed  with  the 
greatest  facility  in  the  embryonal  sac,  previously  to  fecundation.    This  coa* 
tains,  when  first  developed,  a  consistent  gummy  fluid,  slightly  wanting  is 
transparency,  but  not  exhibiting  any  granules;  the  addition  of  tinctareof 
iodine  produces  a  sort  of  granular  coagulum,  of  a  pale  yellow.     The  M 
perceptible  stage  of  organization  is  the  appearance  in  this  fluid  of  a  numbtf 
of  extremely  minute  granules,  which  render  it  opalescent  and  almoit 
opaque.     The  fluid  then  takes  from  iodine  a  somewhat  darker  tinge;  ^ 
the  granules,  when  their  small  size  permits  their  colour  to  be  distinguMhedi 
seem  to  become  of  a  dark  brownish  yellow.     Single,  larger,  and  moi* 
sharply-deflned  granules  are  next  evident  in  the  mass;  and  these  soon  pi^ 
sent  a  regular  form,  and  increase  in  size,  apparently  from  the  coagulation 
of  the  minuter  granules  around  the  larger  ones.     These  bodies  usually*^ 
sume  a  flattened  disc-like  form,  with  a  circular  or  oval  outline;  and  as  they 
speedily  become  subservient  to  the  formation  of  cells,  they  have  been 
termed  cytoblaata  or  cell-germs.     From  the  surface  of  each  of  these,  n 
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delicate  transparent  membrane  is  seen  to  project,  as  a  watch-glass  does  from 
the  dial;  and  this  is  the  commencement  of  the  cell.  The  membrane  gra- 
dually projects  more  and  more,  and  extends  beyond  the  cytoblast,  which 
is  at  last  seen  as  a  mere  spot  upon  its  walls.  It  is  some  time  in  acquiring 
consistence;  for  even  after  the  cell  has  arrived  at  nearly  its  full  size,  it  may 
be  made  to  dissolve  by  agitation  in  the  surrounding  fluid.  In  fact,  a  dis- 
appearande  not  unfrequently  takes  place  as  a  part  of  the  natural  course  of 
vital  phenomena;  the  cell-walls  melting  away  before  they  have  acquired 
consistence  enough  to  be  permanent.  When  the  cell  is  complete,  the  gra- 
nular cytoblast  commonly  disappears;  sometimes,  however,  it  remains  in 
the  wall  of  the  cell,  where  (in  the  orders  Orchides  and  Cacteee)  it  has  been 
long  known  under  the  name  of  the  nucleus.  By  Schleiden,  the  original 
observer  of  these  phenomena,*  it  is  considered  that  the  function  of  the 
cytoblast  is  complete  with  the  formation  of  the  primordial  cell;  but  there  is 
strong  reason  to  believe,  that  the  granules  of  which  it  is  composed  are  the 
germs  of  new  cells  afterwards  to  he  developed  within  the  parent  vesicle; 
and  that,  even  when  it  disappears,  it  is  by  a  resolution  into  its  component 
grannies,  which  may  act  as  well  separately  as  in  apposition. 

557.  We  are  thus  brought  to  the  second  mode  in  which  cells  may  be 
developed,  which  is  within  the  parent  vesicles  or  primordial  cells;  the 
granules  contained  in  these  being  apparently  the  germs  from  which  they 
originate.  This  is  probably  the  mode  which  is  always  followed  when  a 
tissue  previously  existing  has  to  be  extended  or  partially  renewed;  the 
former  one  being  adopted  where  a  structure  entirely  new  has  to  be  evolved, 
which  is  normally  the  case  in  certain  phases  of  Vegetable  life,  but  is  less 
common  in  Animals.  The  secondary  cells  developed  within  a  parent  vesi- 
cle, originating  in  the  granular  germs  which  it  includes,  at  first  grow  at  the 
expense  of  the  fluid  it  contains,  and  afterwards  by  absorbing  nutrient  mfr* 
tenals  through  its  walls.  When  they  have  undergone  great  increase  in 
size,  they  distend  the  original  vesicle,  in  such  a  manner  that  its  limits  are 
no  longer  apparent.  The  pressure  to  which  they  are  subjected  during  their 
development  determines  their  form,  as  in  the  previous  case.  If  the  original 
cell  be  spherical,  and  the  pressure  be  equal  on  all  sides,  they  also  will  be 
spherical  until  their  sides  are  flattened  against  each  other,  when  they  will 
become  rhomboidal  dodecahedrons.  If,  on  the  other  hand,  the  pressure 
be  predominant  in  one  direction,  or  there  be  any  traction  in  another,  the 
newly-forming  cells  will  be  elongated  in  the  direction  of  least  resistance; 
and  this  elongation  may  be  carried  to  such  an  extent  as  to  impart  to  them 
the  fibrous  character.  The  development  of  cells  within  cells  is  most  dis- 
tinctly seen  in  the  case  of  the  spore  or  pollen-grain;  the  granules  contained 
in  which  are  clearly  the  germs  of  the  cells,  that  compose  the  tissue  of  the 
embryonic  structure.  These  cells,  when  fully  evolved,  in  their  turn  pro- 
duce others  in  their  interiors;  and  in  this  manner  a  complex  and  extensive 
organism  may  be  developed  from  a  single  cell-germ.  This,  in  fact,  is  what 
takes  place  in  the  lowest  Plants,  in  which  the  cell-germs  or  reproductive 
granules  are  set  free  from  the  parent  vesicle  before  they  are  themselves 
developed  into  cells;  and  each  one  of  them,  imbibing  nutriment  from  the 
air  and  moisture  around,  may  ultimately  evolve  itself  into  a  complete  indi- 
vidual. In  the  higher  Cryptogamic  Plants,  on  the  contrary,  the  parent 
vesicle  or  spore  does  not  rupture,  but  the  new  cells  of  the  embryo  are  deve- 
loped within  it,  at  last  distending  its  walls  so  much  that  they  can  be  no 

•  See  Mailer's  Archlv.,  1838,  p.  137,  Taylor's  Scientific  Memoirs,  Vol.  ii.,  and  the 
Brit,  and  For.  Med.  Rev.,  Vol.  ix.  p.  499. 
fil 
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longer  traced;  and  it  would  seem  as  if  it  served  to  elaborate  for  them,  from 
the  surrounding  elements,  the  nutriment  they  require.  In  the  Flowering- 
Plants,  a  further  supply  of  this  nutriment  is  provided  in  the  ovule,  where 
materials  previously  elaborated  are  stored  up,  to  be  absorbed  through  the 
wall  of  the  parent  cell,  and  to  be  subservient  to  the  development  of  its  con- 
tained germs.  This  process,  although  forming  a  part  of  the  function  of 
Reproduction,  is  in  reality  essentially  the  same  with  the  ordinary  nutritive 
operations;  for  in  these  the  circulating  fluid  supplies  the  j9£r6ti/t/m  or  organ- 
izable  matter;  whilst  the  cells  already  formed  contain  the  germs,  which, 
with  the  assistance  of  this,  evolve  themselves  into  new  cells,  and  thus  be- 
come the  means  of  the  extension  of  the  original  structure. 

558.  The  animal  body  exhibits  phenomena  of  a  character  essentially  the 
same.  Even  in  the  fully-formed  organism,-  many  parts  may  be  fonnd, 
which  are  composed,  more  or  less  evidently,  of  isolated  cells  or  vesicles, 
analogous  to  those  of  Plants;  and  it  has  been  fully  proved  that,  in  its  early 
condition,  the  whole  fabric  has  this  character.  In  fact,  it  has  been  shown 
by  the  researches  of  Barry,  Schwann,  and  Valentin,  that  the  whole  stmo- 
ture  originates  in  a  single  cell;  that  this  cell  gives  birth  to  others  analogous 
to  itself,  and  these  again  to  many  future  generations;  and  that  all  the  varied 
tissues  of  the  Animal  body  are  developed  from  cells,  between  which  no 
difference  can  be  in  the  first  instance  observed.  The  multiplication  of  cells 
appears  to  take  place  upon  the  plan  just  stated,  two  or  more  being  pro- 
duced within  the  parent  vesicle; — and  this  alike  in  the  earliest  condition 
of  the  embryo,  and  in  the  more  advanced  stages  of  the  formation  of  its 
tissues.  (See  Plate  I.,  Figs.  9 — 12,  and  Explanation.)  The  organixaUe 
fluid,  then,  prepared  by  the  digestive  process,  is  converted  into  organized 
tissue,  by  supplying  the  materials  for  this  continual  reproduction;  the 
formation  itself  is  dependent  upon  the  powers  of  the  solid  texture. 

559.  This  is  not,  however,  the  only  mode  in  which  new  cells  are  pro- 
duced in  the  Animal  body;  for  they  may  originate  in  Fibrin,  from  nudei 
or  cytoblasts,  which  are  formed  by  the  aggregation  of  minute  granules,  just 
as  do  those  of  the  Plant  in  the  organizable  gummy  fluid  of  the  orule. 
Both  require,  for  their  perfect  performance,   that  the  fluid  should  be  io 
contact  with  a  living  tissue;   and,  when   this  condition  is   applied,  there 
seems  to  be  no  necessity  for  any  further  assistance;  but  traces  of  vesiciibr 
organization  may  often  be  discovered  in  fibrin,  even  after  it  has  been  drawn 
from  the  vessels  of  the  living  body,  though  more  frequently,  perhaps,  io 
that  which  has  coagulated  within  the  vessels  after  death.*     The  vesicles, 
where  they  present  themselves,  possess  nuclei,  and  have  all  the  chnraeters 
of  newly-forming  cells;  and  frequently  the  nuclei  can  be  distinguished 
when  no  cells  yet  appear.     It  is,  however,  when  fibrin  is  effused,  in  the 
form  of  coagulable  lymph  on  a  cut  surface,  or  on  an  inflamed  membranef 
that  this  process  of  organization  most  unequivocally  displays  itself.    Soon 
after  the  coagulation,  a  number  of  granular  bodies   may  be  seen  in  the 
mass;  and  these  soon  present  appearances  which  indicate  that  they  serve 
as  nuclei  for  the  formation  of  cells.     By  that  time,  the  masses  of  granaief 
have  acquired  such  a  consistence,  that  they  may  be  peeled  off  in  coheritif      j 
shreds  from  the  membranes  to  which  they  are  attached;  and  they  present 
a  ruddy  yellow  colour,  which  corresponds  with  that  of  the  chyle-globule** 
The  exudation-cells  are  laid  flat  over  one  another,  forming  many  superitR* 
posed  layers,  which  unite  into  membranous  expansions,  that  bear  a  stronf 
resemblance  to  the  layers  of  flat  cells  of  which  epithelium  is  composed; 

*  See  Mr.  Qalliver*8  Appendix  to  Qerber's  General  Anatomy,  p.  81. 
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nnrgins  are  at  first  roiinHed,  and  they  are  united  by  a  cotinecling 
D,  which  gradually  diBapjiears,  leaving  the  sidea  coherent  to  each 
lo  that  the  figure  of  the  disk  is  changed  into  a  polygon.  These 
•e  aflerwDrJs  metamorphoseil  into  the  various  forms  of  tissue  that  are 
enl  themselves  in  ilie  new  fabric,  by  a  series  of  changes  which  will 
safier  more  fully  described.  The  process  appears  to  be  identical, 
r  the  tissue  he  developed  from  the  exudation-corpuscles  which  orlgi- 
the  fibrin  iiaelf,  or  whether  it  be  formed  from  cells  previously  exist- 
ing. In  both  cases,  the  apparently  homogeneous  mass  of  vesicles  is  converted 
into  a  structure  of  a  very  heterogeneous  description;  some  of  the  cells  being 
converted  into  muscular  fibre,  others  into  nerve-tubes,  others  into  bone,  and 
ao  on.  By  what  circumstances  these  diflerences  are  produced,  cither  in  the 
embryo,  or  in  the  newly-developed  pans  of  the  adult  body,  it  is  not  easy  lo 
imagine.  The  cells  all  npptar  to  be  similar;  yet  development  of  every  one 
must  proceed  in  a  determinate  direction,  or  no  regularity  in  the  fabric  could 
be  the  result. 

560.  From  what  has  been  staled,  it  appears  evident  thai  the  process 
of  Nutrition  consisis  in  the  growth  of  the  individual  cells  composing  the 
fabric;  and  that  these  derive  their  support  from  the  organic  compounds  with 
which  they  are  supplied  by  the  blood,  just  as  the  cells  composing  the  simplest 
PUnts  derive  theirs  from  the  inorganic  elements  which  surround  ihem;  and 
■s  different  species  of  the  latier  select  and  combine  these,  in  such  modes  and 
proportions  as  to  give  rise  to  organisms  of  very  diversified  forms  and  pro* 
periiei,  so  is  it  easily  intelligible  that  the  different  parts  of  the  fabric  of  the 
highest  Animals  should  exercise  a  similar  selective  power,  in  regard  to  the 
materials  with  which  the  blood  supplies  them.  The  structure  composing 
every  separate  portion  of  the  body  has  what  may  be  termed  &  gpteial  affinily 
for  some  particular  constituents  of  the  blood;  causing  it  lo  abstract  from  that 
fluid,  and  to  convert  into  ils  own  substance,  certain  of  its  elements,  This 
conversion  is  termed  Jimimilation.  The  property  by  which  the  cells  of  the 
Animal  or  Vegeiable  structure  are  enabled  to  perform  it,  is  one  of  which  wo 
ar»  nni  likely  ever  to  know  more.  It  will  probably  long  remain  an  ultimate 
fact  in  Physiology,  that  cells  have  the  power  of  growing  from  germs,  of 
undergoing  certain  transformations,  and  ol  producing  germs  that  will  de- 
velope  other  cells  similar  to  themselves; — ^jusl  as  it  is  an  ultimate  fad  in 
Physics,  that  masses  of  matter  attract  each  other;  or  in  Chemistry,  that  the 
molecules  of  difTerent  substances  have  a  tendency  to  unite,  so  as  to  form  a 
eompound  djITerent  from  either  of  the  elements.  It  is  of  such  ultimate  facts 
as  these,  that  the  science  of  Vitality  easentiallv  consists;  since  the  Physical 
and  Chemical  nhenomena  which  occur  in  living  bodies  are  not  strictly  re- 
movable from  the  laws  of  Inorganic  Nature.  The  conditions  under  which 
Uiia  Assimilating  power  operates,  however,  are  freely  open  to  our  investi- 
gation; and  it  is  a  great  step  in  the  progress  of  the  inquiry,  lo  become 
aware  that  these  are  so  closely  conformable,  ihrooghout  the  organized  world, 
as  they  have  been  shown  to  be.  It  mav  be  staled,  as  a  general  fact,  that  in 
Msimilaling,  or  converting  into  ils  own  substance,  matter  which  was  pre- 
viously unable  lo  exhibit  any  of  the  manifestations  of  life,  every  cell  thereby 
pariicipBies  in  the  process  of  organization  end  Titalizalion;  for,  by  the  new 
circumstances  in  which  the  matter  is  placed,  ils  properties  undergo  a  change, 
—or,  to  speak  more  correctly,  properties  which  were  previously  dormant 
are  caused  to  manifest  ihemselves.  No  mailer,  thai  is  not  in  a  siaie  of  or- 
ganizaiioo.  can  exhibit  those  properties,  which,  from  iheir  being  peculiar  to 
living  bodies,  and  altogether  difiurenl  from  physical  and  chemical,  are 
terroed  vitai;  and  it  may  also  be  asserted  that  no  matter  which  eihibiie  per- 
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fei^-t  organization  is  iteslituto  of  the  pei-ullar  vital  properties  belonging  to  j 

kind  of  alructute."  A*  a  corollary  to  this  general  fact,  it  may  be  stawd> 
thai  no  organism  can  be  produced  by  any  foriuilous  combination  of  inor- 
ganic matter;  since,  even  for  the  generation  of  the  simplest  cell,  there  i« 
required  a  cell  previonsly  existing,  to  furnish  the  germ. 

561.  But  this  view  also  leads  us  to  admit  greater  prahabilily  to  the  idea, 
that  beings  of  the  highest  degree  of  organization  may,  by  a  perversion  of 
their  asaimilating  processes,  give  origin  to  tliose  of  a  lower; 
cull  to  say  that  this  is  not  the  case  in  certai 
cal  mail  is  familiar.  Thus,  in  the  variou 
shown  by  MUller  anil  others,  that  the  nei 
oells,  which,  like  the  Vegetable  Fungi, 

rapidity,  and  which  destroy  the  surrounding  tissues  by  their  pressure,  u 
well  as  by  abstracting  from  the  blood  tlie  nourishment  which  was  destiosd 
for  them.  These  parasitic  masses  have  acompletely  independent  power  of 
growth  and  reproduction;  and  it  seems  difficult  to  refuse  ibem  ilie  title  of 
distinct  existences.  They  can  be  propagated  by  inoculation,  which  coo* 
veys  into  llie  tissues  of  the  animal  operated  on  the  germs  of  the  pecoliai 
cells  that  constitute  this  morbid  growth;  and  these  soon  develope  themselves 
into  a  new  mass.  Several  instances  have  been  recently  publiehei)  of.J 
occurrence  of  Vegetable  organiams  as  parasites  upon  the  Animal  bodj:^ 
in  some  of  these  a  true  Plant,  possessing  a  regular  apparatus  of  nuuf 
and  leproduclion,  has  arisen  from  a  germ  introduced  from  wilboui,  | 
can  l>e  little  question;  but  i.i  other  instances  (as  in  the  case  of  thfl  cm 
Porrigo  favosa)  it  has  been  assumed  ihat  the  organization  ia  vegeM 
because  it  consists  of  a  mass  of  veils  capable  of  extending  themselvn  b 
ordinary  process  of  multiplication.  But  it  muat  be  remembered  ihx 
vesicular  organiEation  is  common  to  Animals  as  well  as  to  Flanisi  bein| 
only  form  that  manifests  itself  at  an  early  period  of  development  i 
kingdom,  and  remaining  throughout  life  in  those  parts  which  hare  n 
dergone  a  metamorphosis  for  special  purposes.     Hence  to  speak  of  Potd 

favosa,  or  any  similar  disease,  as  produced  by  the  gruwih  of  a  Vegel 
within  the  Animal  body,  appears  to  (he  Autlior  a  very  arbitrary  a 
liie  simple  fact  being,  in  regard  to  this  and  many  other  structures  of  *M 
type,  thai  they  preseut  the  simplest  or  most  general  kind  of  orgaaisatic 

562.  From  the  previous  details,  it  appears  that  Fibrin  is  so  fur  prepan' 
to  pass  into  an  organized  condition,  that  simple  contact  wilh  a  living  mem- 
brane is  sufficient  to  cause  the  development  in  it  of  granular  cyiohlwts,  lod 
then  of  cells,  which  may  be  ultimately  transformed  into  the  most  elevatsd 
kinds  of  organized  structure;  and  that  this  tendency  lo  organizutioo  U  w 
strong,  as  to  manifest  itself  even  when  it  has  been  withdrawn  in  a  fluii' 
Slate  from  the  vessels,  or  has  remained  in  tliem  after  the  lues  of  their  vitslif- 
There  is  some  reupoploMjelieve  that  the  nuclei  of  the  exudution-cell)  >>* 
poured  forth  from  the  bWad  at  the  same  time  witli  the  fibrinous  matter;  sw* 
that  ihey  are  identical,  either  with  the  white  globules  of  the  blood.  muJ  •'•'' 
the  corpuscles  of  the  chyle  and  lymph  (§  000,  7),  or  with  the  nnolei  ttftt* 

^  'For  a  riilier  consideraiioD  of  this  qiiesiion^and  the  grounils  Dpon  vhicb  lUt  j 
ismpponed,  ihe  leader  is  referred  to  ilie  Anicle  Lift  in  iheCyct 
and  P{iy»iolu°y;  and  to  tlie  Chapter  en  the  Nature  and  Csu^es  ot'  VLIal  AC<i 
liU  Principles  of  GenernI  and  Cumpursiive  Pliysiulogy. 

t  The  Auihur  U  sirongty  iuclitied  lu  iMslivvc  ihni  iliif  propngaiinti  uf  manf  iUm 
by  iDOculaiioD,  essentially  cimsisisin  ibelmplanlingurccll-gerais  froin  unvanW 
the  body  of  aaoibEr.  Tbe  Etrociace  ol'  Ihe  Vaccine  Vesicle  appetrelo  UmtaH 
clFuly  to  ?och  a  view. 
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red  corpuscles  of  the  blood  (§  576).  Whichever  view  be  correct,  it  is  only 
referring  the  first  aggregation  of  the  granules  by  which  these  nuclei  or  cyto- 
blasts  are  formed  (as  in  Vegetables)  to  an  earlier  period  in  the  assimilative 
process.  With  these  general  views,  we  shall  now  be  prepared  to  enter  in 
detail  upon  the  consideration  of  that  process. 

Elaboration  of  Chyle  and  Lymph. 

563.  The  Chyle,  as  first  absorbed  into  the  lacteals,  is  very  different,  both 
in  its  physical  and  chemical  characters,  from  that  which  may  be  obtained 
from  the  larger  absorbent  trunks,  and  from  the  thoracic  duct;  for  during  its 
passage  through  these  vessels  and  their  ganglia  or  glands,  it  undergoes 
important  alterations  which  gradually  assimilate  it  to  Blood.  The  chyle 
drawn  from  the  lacteals  that  traverse  the  intestinal  walls  contains  albumen 
in  a  state  of  complete  solution  (§  453);  and  it  is  entirely  destitute  of  the 
power  of  coagulation,  no  fibrin  being  present  in  it.  The  salts,  also,  are 
completely  dissolved;  but  the  oily  matter  presents  itself  in  the  form  of  glo- 
bules of  variable  size.*  It  is  generally  supposed  that  the  milky  colour  of 
the  chyle  is  owing  to  these;  but  Mr.  Gulliver  has  recently  pointed  outf  that 
it  is  really  due  to  an  immense  multitude  of  far  more  minute  particles,  which 
be  describes  as  forming  the  molecular  base  of  the  chyle.  These  molecules 
■re  most  abundant  in  rich,  milky,  opaque  chyle;  and  in  poorer  chyle,  which 
i0  semi-transparent  or  opaline,  the  particles  float  thinly  or  separately  in  the 
transparent  fluid,  and  often  exhibit  the  vivid  motions  common  to  the  most 
minute  molecules  of  various  substances.  Such  is  their  minuteness,  that, 
even  with  the  best  instruments,  it  is  impossible  to  form  an  exact  apprecia- 
tion either  of  their  form  or  their  dimensions.  They  seem,  however,  to 
be  generally  spherical;  and  their  diameter  may  be  estimated  at  between 
l-36,000th  and  l-24,000th  of  an  inch.  Their  chemical  nature  is  as  yet 
uncertain:  they  are  remarkable  for  their  unchangeableness  when  subjected 
to  tbe  action  of  numerous  other  reagents  which  quickly  aflect  the  chyle- 
globnles;  and  they  are  readily  soluble  in  ether,  the  addition  of  which  causes 
2ie  whole  molecular  base  instantly  to  disappear,  not  a  particle  of  it  remain- 
ing; whence  it  may  be  inferred  that  they  consist  of  oily  or  fatty  matter.  The 
milky  colour  which  the  serum  of  blood  sometimes  exhibits  is  due  to  an 
admixture  of  this  molecular  base;  it  is  most  common  in  young  animals  that 
are  suckling;  but  it  is  not  uncommon  in  adults,  and  is  not  to  be  attributed 
to  an  absorption  of  milk  into  the  chyle,  as  the  physical  properties  of  the 
two  are  qnite  dififerent. 

564.  During  the  passage  of  the  chyle  through  the  absorbents  on  the  in- 
testinal edge  of  the  mesentery,  towards  the  mesenteric  glands,  its  character 
changes  in  several  important  particulars.  The  presence  of  fibrin  begins  to 
manifest  itself,  by  the  slight  coagulability  of  the  fluid  when  withdrawn  from 
tbe  vessels;  and  while  this  ingredient  increases,  the  albumen  and  the  oil- 
globules  gradually  diminish  in  amount.  The  chyle  drawn  from  the  neigh- 
bourhood of  the  mesenteric  glands  exhibits  the  globules  regarded  as  charac- 
teristic of  that  fluid;  these  are  peculiarly  abundant  in  the  fluid  drawn  from 
the  glands  themselves;  and  they  are  constantly  found  in  it,  through  its  whole 
sob^qnent  course.    It  has  been  pointed  out  by  Mr.  Gulliver  that  there  is  a 

«  These  oily  globules  are  more  abandant  in  the  Chyle  of  Man  and  of  the  Carni- 
vora,  than  in  that  of  the  Herbivora;  their  diameter  has  been  ol>served  to  vary  from 
l-25«000th  to  l-2,000th  of  an  mch. 

t  Dublin  Medical  Press,  Jan.  1, 1840,  and  Gerber's  (General  Anatomy,  Appendix, 
p.  88. 
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remarkable  similarity  between  the  chyle-globules  obtained  from  the  mesen- 
teric  glands,  and  the  characteristic  granules  of  the  Thymus  gland  (Chap. 
XII.).  The  chyle-globules  are  much  larger  than  the  molecules  just  de- 
scribed, and  an  examination  of  their  characters  presents  no  difficulty.  Their 
diameter  varies  from  1-71 10th  to  l-2600th  of  an  inch;  the  average  being 
about  l-4600th.  They  are  usually  minutely  granulated  on  the  surface, 
seldom  exhibiting  any  nuclei,  even  when  treated  with  acetic  acid;  but  some- 
times three  or  four  central  particles  may  be  distinguished  within  them. 
During  the  passage  of  the  chyle  through  the  mesenteric  glands,  a  further 
increase  in  the  proportion  of  fibrin  takes  place;  and  the  resemblance  of  the 
fluid  to  blood  becomes  more  apparent.  The  chyle  drawn  from  the  Tessels 
intermediate  between  these  and  the  central  duct,  possesses  a  pale  reddish- 
yellow  colour;  and,  when  allowed  to  stand  for  a  time,  undergoes  a  regular 
coagulation,  separating  into  clot  and  serum.  The  former  is  a  consialent 
gelatinous  mass,  which,  when  examined  with  the  microscope,  is  found  to 
include  the  chyle-globules,  each  of  them  being  surrounded  by  a  delicate  film 
of  oil:  the  fibrin  of  which  it  is  principally  composed  differs  remarkably  from 
that  of  the  blood  in  its  inferior  tendency  to  putrefaction;  whence  it  may  be 
inferred  that  it  has  not  yet  undergone  its  complete  vitalization.  The  serani 
contains  the  albumen  and  salts  in  solution,  and  a  proportion  of  the  chyle- 
globules  suspended  in  it.  It  is  curious,  however,  that  considerable  diflln^ 
ences  in  the  perfection  of  the  coagulation,  and  in  its  duration,  should  pre- 
sent themselves  in  different  experiments.  Sometimes  the  chyle  sets  into  a 
jelly-like  mass,  which,  without  any  separation  into  coagulum  and  seraoiy 
liquefies  again  at  the  end  of  half  an  hour,  and  remains  in  this  state.  This 
change  takes  place  in  the  true  coagulum  also,  if  it  be  kept  moist  for  a  suffi- 
cient length  of  time.  The  chyle  from  the  receptaculum  and  thoracic  doet 
coagulates  quickly,  often  almost  instantaneously;  and  few  or  none  of  the 
globules  remain  in  the  serum. 

565.  It  is  to  be  remembered  that  the  lacteals  are  the  lymphatics  of  the 
intestinal  walls  and  mesentery,  performing  that  function  of  interstitial  ab- 
sorption, which  is  elsewhere  accomplished  by  vessels  that  are  not  concerned 
in  the  introduction  of  alimentary  substances  from  without.     During  the  in- 
tervals of  digestion,  they  contain  a  fluid  which  is  in  all  respects  confonnable 
to  the  lymph  of  the  lymphatic  trunks.     The  aspect  of  the  lymph  greatif 
differs  from  that  of  the  chyle,  the  former  being  nearly  transparent,  whilst 
the  latter  is  opaque  or  opalescent;  and  this  difference  is  readily  accoanted 
for,  when  the  assistance  of  the  microscope  is  sought,  by  the  entire  absence 
from  the  lymph  of  that  molecular  base  which  is  so  abundant  in  the  chyle. 
A  considerable  number  of  globules  are  generally  present  in  it;  and  tbeie 
seem  to  correspond  in  all  respects  with  those  of  the  chyle.     Their  amoont, 
however,  is  extremely  variable;  as  is  also  that  of  the  oil-globules,  which 
sometimes  occur,  whilst  in  other  instances  none  can  be  discovered.   Lymph 
coagulates  like  chyle;  a  colourless  clot  being  formed,  which  encloses  the 
greater  part  of  the  globules. 

566.  The  nature  and  source  of  the  peculiar  globules  of  the  lymph  and 
chyle,  is  as  yet  a  matter  of  doubt;  some  light,  however,  has  been  thrown 
on  their  history,  by  recent  investigations;  and  much  may  be  said  of  theflt 
which,  if  not  absolutely  proved,  can  scarcely  be  regarded  as  improbable* 
The  process  of  their  formation  bears  a  striking  analogy  to  that  of  the 
cytoblasts  of  Plants,  as  observed  by  Schleiden  (§  556).  They  appenr  in 
the  midst  of  a  fluid  crowded  with  minute  granules,  and  appear  to  be  thenQ' 
selves  composed  of  an  aggregation  of  smaller  particles.  That  the  chyle' 
globules  are  not  identical  in  chemical  composition  with  the  molecolar  bas0 
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is  quite  certain,  from  the  completely  different  effects  of  re-agents  upon  the 
two  respectively;  but  it  may  be  surmised  that,  as  they  appear  to  consist  of 
an  altered  form  of  albumen,  the  soluble  albumen  and  the  fatty  matter  are 
both  concerned  in  their  production.  It  has  been  stated  that,  whilst  the  fibrin 
increases,  the  oil-globules  undergo  an  evident  diminution  (§  564),  and  that 
the  quantity  of  albumen  lessens.  It  is  not  conceivable  that  the  fibrin  should 
be  at  once  formed  at  the  expense  of  the  oil-globules;  since  albumen,  which 
is  a  mere  chemical  compound,  ready  to  undergo  organization  and  vitaliza- 
tion,  is  always  the  preceding  grade.  The  fibrin  must,  therefore,  be  pro- 
duced at  the  expense  of  the  albumen;  whilst  new  albumen  is  elaborated  from 
the  oily  matter.  Of  the  process  by  which  the  latter  important  change  is 
accomplished,  we  are  yet  entirely  ignorant;  but  the  important  alteration 
which  takes  place  in  the  proportion  of  azotized  ingredients  clearly  shows* 
that  nitrogen  must  be  in  some  manner  communicated  to  the  chyle  during  its 
progress  along  the  lacteals.  No  source  for  this  nitrogen  can  be  suggested 
except  the  blood;  and  the  influence  of  the  blood  upon  the  contents  of  the 
absorbent  vessels  must  be  in  part  communicated  through  the  vasa  vasorum 
distributed  upon  their  walls  (since  in  the  cold-blooded  Vertebrata  there  are 
no  lymphatic  glands),  but  chiefly  in  the  lymphatic  glands,  where  the  blood- 
Tessels  and  absorbents  come  into  extremely  close  relation.  The  idea  that 
the  blood  is  deprived,  in  the  mesenteric  vessels,  of  some  of  its  azote,  derives 
important  confirmation  from  the  fact,  that  the  secretion  of  the  Liver,  which 
is  chiefly  formed  from  blood  that  has  returned  form  these  vessels,  consists 
almost  entirely  of  unazotized  ingredients  (Chap.  xii.).  It  may  be  con- 
ceived, then,  that  whilst  the  albuminous  matter  originally  present  in  the 
chyle  is  being  converted  into  fibrin,  new  albumen  is  being  formed  at  the 
expense  of  the  fatty  matter;  and  it  is  probably  of  this  last  that  the  chyle- 
globules  are  composed.  The  same  account  is  applicable  to  the  lymphatics, 
a  part  of  whose  function  it  is  to  bring  the  oily  matter  stored  up  in  the  adipose 
tissue  within  the  sphere  of  the  nutritive  operations  (§  465);  and  the  varia- 
tion in  the  circumstances  which  may  render  this  necessary,  fully  accounts 
for  the  variation  in  the  amount  of  oily  and  albuminous  globules  presenting 
themselves  in  this  fluid. 

567.  Regarding  the  ultimate  destination  of  these  globules,  the  very  inte- 
resting speculation  has  been  recently  offered,— that  they  are  the  nuclei  or 
cytoblasts  of  the  primordial  cells,  from  which  all  the  tissues  originate.*  If 
this  be  true,  their  analogy,  both  in  their  function  and  in  their  mode  of 
origin,  with  the  vegetable  cytoblasts  is  complete.  It  has  been  frequendy 
suspected  that  they  are  identical  with  the  nuclei  of  the  blood-corpuscles; 
but  this  idea  is  rendered  inadmissible,  as  far  at  least  as  regards  Mammalia, 
by  the  respective  sizes  of  these  objects;  the  lymph-globules  being  often  as 
large  as  the  entire  corpuscles,  and  sometimes  even  larger.  The  circulating 
fluid  may  be  distinctly  seen,  in  Frogs  and  other  Keptiles,  to  contain  white 
globules,  sometimes  in  great  numbers;  these  move  very  slowly  along  the 
walls  of  the  vessel,  in  a  stratum  of  fluid  which  seems  in  part  adherent  to 
them;  but  they  are  sometimes  detached,  and  carried  along  in  the  rapid  cur- 
rent of  the  blood-discs.  These  globules  cannot  be  distinguished  from  those 
of  the  lymph  drawn  from  the  lymphatics  of  the  same  animal.  In  Mam- 
malia, however,  the  existence  of  lymph-globules  in  the  blood  is  less  certain. 
If  a  drop  of  human  blood  be  carefully  examined  with  a  deep  object-glass, 
one  or  two  white  globules,  the  average  diameter  of  which  is  about  l-2900ih 
of  an  inchy  will  generally  be  seen  in  each  field  of  vision;  they  are  spherical 

•  Gulliver  in  note  to  Gerber's  Anatomy,  p.  83. 
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withdrawn  from  the  living  vesaels;  and  the  appearance  of  distinct  orgaiuM- 
tion  in  this  fibrin,  especially  when  its  concretion  has  taken  place  in  contact 
with  a  living  surface.  These  facts,  with  many  others,  appear  to  indicate 
that  fibrin  is  the  material  which  is  applied  to  the  nutrition  of  the  nmaes; 
and  that  albumen  can  only  be  thus  employed  after  passing  through  the  con- 
dition of  fibrin.  The  difference  between  the  two  is  precisely  analogous  id 
the  difference  between  the  ordinary  mucilage  of  plants,  and  that  peculiar 
glutinous  sap  which  is  found  wherever  a  formation  of  new  tissue  is  takiaf 
place,  and  which,  like  the  liquor  sanguinis  of  the  animal,  is  spontancwiBlj 
coagulable  and  disposed  to  pass  of  itself  into  a  semi-organized  cooditkm. 

The  change  from  albumen  to  fibrin  is,  therefore,  the  first  inapoitant  fiep 
in  the  process  of  assimilation.  It  commences  in  the  absorbent  system:  fcr 
the  chyle  is  found  to  contain  fibrin  even  before  it  enters  the  mesentoie 
glands;  and  af)er  it  has  passed  through  them  the  amount  of  fibrin  is  modi 
increased.  It  continues  in  the  blood,  for  the  quantity  of  fibiin  is  slwavi 
kept  up  in  health  to  a  certain  standard,  although  there  must  be  a  ooattnul 
withdrawal  of  it  for  the  nutritive  processes,  without  a  correspondiBflv 
regular  supply;  and  it  is  found  to  undergo  a  sudden  and  remarkable  in- 
crease under  the  influence  of  local  causes.  What  is  the  cause  of  thii 
change?  It  has  been  usuaUy  attributed  to  some  influence  effected  upon  the 
albuminous  fluid  by  the  living  surfsMres  over  which  it  is  passing;  and  the 
increase  in  the  amount  of  fibrin  in  the  chyle  which  is  speedily  noticed  after 
its  passage  through  the  mesenteric  glands,  has  been  thought  due  to  soae 
peculiar  action  of  the  blood  that  may  come  into  relation  with  it,  throagh  the 
thin  walls  of  that  capillary  plexus  which  forms,  with  the  convoluted  lacted 
tubuli,  nearly  the  whole  bulk  of  those  glands.  Perhaps,  however,  it  isay 
be  possible  to  offer  a  more  satisfactory  explanation;  one,  at  least,  which 
shall  be  conformable  to  phenomena  observed  in  other  cases. 

Several  examples  have  already  been  mentioned  of  the  transient  existeace 
of  cells,  that  grow,  arrive  at  maturity,  and  then  disappean  apparently  with- 
out pertbmiing  any  particular  function.     Thus  in  the  albumen  of  the  seed. 
this  otVn  takes  place  to  a  remarkable  extenu     In  the  yelk  of  the  egg  there 
is  a  similar  transitory  development  of  cells,  of  which  several  generations 
succeeil  each  other,  without  any  permanent  structure  being  the  resulL    Is 
the  germinal  vesicle,  again,  several  annuli  of  temporary  cells  are  seen  » 
occupy  its  cavity;  and  the  oldest  and  lanrest  of  these  contain  another  gene- 
ration;  yet  all  these  disappear  by  liquefaction,  as  soon  as  the  two  permaoeat 
cells  begin  to  be  developed  in  the  centre.     Further,  in  the  subsequent  de- 
velopment  of  all  the  cells  which  are  descended  from  these,  the  same  process 
is  repeated,  a  great  number  of  cells  being  produced,  only  to  liquefy  afiin 
as  soon  as  the  two  central  cells  make  their  appearance.     Now  is  it  to  bf 
suppose^l  that  all  this  ctil-iife  comes  into  existence  without  some  deci<W 
puqM>sef     I  think  the  physiologist  would  not  be  justified  in  asseniiaf  » 
auch  an  iikwu  even  U  he  could  ass-^rn  no  obvkms  reason  for  the  procrt*. 
But  if  an  object  can  be  asst^cnevi.  which  is  cv^nformabie  to  what  we  e^*^ 
where  know  \^  the  operath>n5  of  ceils,  it  may  claim  ;o  be  received  a*  * 
aut&cieiit  explanatKHi,  until  s\>nie  bet»r  one  can  be  offered.     Such  an  «• 

SanalHW  may,  1  think,  be  deduced  fnwQ  the  foregoinc  facts,  and  othei«  oC 
L«  nature. 

It  has  b^r^n  $<yn  that  the  nr^t  union  of  the  iaonranic  elements  into  tKe 
aiiMpW«t  prv^xtiujitr  ^>nncip;e*.  i*  eifev':evi  i-y  the  ceiiViVV  of  plants.     'TV* 
change  W*  th<TW  pniKMpie*  icx*  the  fw-cliir  c\vn>Miods  which  form    ^^« 
cKar^cM'risiK'  sifvnriKHis  oi*  pCana^  »  aaoJ^er  result  of  their  celWife.      -^^^ 
the  eUKvaiKMft  w  tho«e  atocwNi  pnactjMs  which  do  not  enter  intty     ^ 
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that  the  latter  are  the  germs  of  the  chyle-cells;  and  I  have  little  doubt  that 
this  idea  is  correct.  These  reproductive  granules,  however,  must  have 
been  produced  by  some  previously  existing  cell;  and  their  most  probable 
origin  appears  to  me  to  be  the  cells  already  mentioned  as  the  selectors  of 
the  chyle  at  the  extremities  of  the  villi.  These  cells,  in  bursting  or  lique- 
fying, yield  both  their  fluid  contents,  and  their  reproductive  granules,  to 
the  absorbent  vessels;  and  in  these  vessels  the  chyle  appears  destined  to 
undergo  a  gradual  alteration,  under  the  influence  of  that  cell-life  of  which 
the  foundation  is  laid  at  the  first  reception  of  the  fluid  into  the  system. 
The  development  of  these  cells,  and  the  production  of  their  peculiar  eflects, 
require  a  certain  time;  this  is  provided  for  by  the  delay  of  the  chyle  in  the 
lacteal  vessels.  In  the  lower  Vertebrata,  there  are  no  mesenteric  glands, — a 
circumstance  which  indicates  that  these  are  not  an  essential  part  of  the 
absorbent  system;  but,  in  such  animals,  the  absorbents  are  immensely  ex- 
tended in  length.  In  the  warm-blooded  Vertebrata,  in  whose  conformation 
the  principle  of  concentration  operates  to  the  greatest  extent,  we  see  no 
each  prolongation;  but  it  is  provided  for  by  the  excessive  convolution  of 
the  vessels  in  the  mesenteric  glands,  where  it  seems  probable  that  the  chyle 
18  delayed  during  the  development  of  its  characteristic  cells. 

Statements  of  a  precisely  similar  kind  may  be  made,  regarding  the  lymph 
and  its  corpuscles.  Reasons  have  been  elsewhere  given  by  the  author,  for 
regarding  the  lymph,  not  as  a  fluid  destined  to  be  thrown  out  of  the  system, 
Imt  as  the  product  of  that  secondary  digestion,  by  which  a  portion  of  the 
materials,  that  have  formed  a  component  part  of  the  tissues  and  have  been 
set  free  by  their  disintegration,  are  again  rendered  subservient  to  nutrition, 
and  are  reconveyed  into  the  current  of  the  circulation,  (§  465-67.)  One 
thing  appears  certain, — that,  with  the  exception  of  fatty  matter  (of  which  the 
chyle  contains  a  large  amount,  whilst  the  lymph  presents  scarcely  a  trace 
of  it),  there  is  little  appreciable  diflerence  between  the  chyle  and  the  lymph. 
The  latter,  like  the  former,  contains  albuminous  matter,  part  of  which 
undergoes  a  gradual  transformation  into  fibrin;  and  there  is  precisely  the 
same  evidence  as  in  the  former  case,  that  this  change  is  effected  by  the 
development  of  cells  in  the  fluid.  The  idea  which  we  should  hence  form, 
that  the  lymphatic  glands  are  organs  of  nutrition,  in  which  the  matters  pass- 
ing through  them  are  subjected  to  an  elaboration  which  prepares  them  for 
the  growth  and  maintenance  of  the  animal  structures,  entirely  agrees  with 
Mr.  Gulliver's  observations.     (See  Appendix  to  Gerbcr,  pp.  97-8.) — C] 

Physical  and  Vital  Properties  of  the  Blood. 

570.  The  blood,  whilst  circulating  in  its  vessels,  is  composed  of  a  fluid, 
in  which  a  large  number  of  corpuscles  or  particles  of  a  red  colour  are  sus- 
pended. The  fluid  portion,  which  is  known  under  the  name  of  liquor 
sanguinis^  essentially  consists  of  fibrin  and  albumen  with  saline  matter  dis- 
solved in  water;  and  this,  when  eflfused  without  an  intermixture  of  corpus- 
cles, is  known  under  the  name  of  coagulable  lymph.  The  blood-particles 
(commonly,  but  erroneously,  termed  globules)  are  flattened  discs,  which  in 
Man  and  most  of  the  Mammalia  have  a  distinctly  circular  outline.  In  the 
discs  of  Human  blood,  when  examined  in  its  natural  condition,  the  sides  are 
somewhat  concave;  and  there  is  a  bright  spot  in  the  centre,  which  has  been 

mlpaUe  that  nothing  similar  has  yet  been  detected  in  any  other  animal  fluid.  The 
larger,  more  anequiu-sized,  and  highly  refracting  oily  globules  of  the  chyle  are  in  a 
very  dfifferent  state,  and  so  are  those  of  milk  or  cream. 
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We  have  thus  a  dass  of  facts,  which  indicates  that  the  conversion  of 
chemical  compound  into  the  orgaoizable  principle.— such  aa  mucilage  I 
elaborated  sap,  or  albumen  into  fibrin, — is  efiecled  in  particul 
by  ihe  vital  agency  of  transitory  cell-life;  ihat  is,  by  ihe  production  of  cells 
which  are  not  destined  lo  form  an  integral  pari  of  any  permanent  sinictiire. 
but  which,  afier  attaining  a  certain  maturity,  reproduce  themselves,  and  dis- 
appear,— successive  generations  thus  following  one  another,  until  the  obji 
is  accompHsheil,  af\er  which  titey  altogether  vanish.     We  shall  now 
sider  another  class  of  facts,  which  seems  to  indicate  thai  the  same  chi 
is  continually  being  effecteil  in  the  chyle,  lymph,  and  blood  of  anitnali 
well  as  in  the  proper  juice  of  plants;  by  cells,  which  are  eilher  carried 
with  it,  or  which  are  developed  for  the  purpose  in  particular  siiuationt. 

In  chyle  drawn  from  the  lacleals  near  (he  intealinal  lube,  there  is 
little  appearance  of  organizalion,  very  few  chyle  corpuscles  being  here 
seen;  but  a  large  amounl  of  very  minute  molecules,  having  apparency  > 
fatty  character,  are  dilfuscd  through  il.*  In  the  chyle  of  the  mesenterii 
glands,  the  corpuscles  are  extremely  numerous;  and  they  are  alway 
readily  seen  in  ihe  chyle  of  the  central  lacleals,  and  of  ihe  receptaculuO 
chyli  and  thoracic  duct;  although  iheir  number  is  considerably  less  than  ii 
chyle  drawn  by  pricking  ihe  lacleals  of  the  mesenieric  glands.  The  ave 
rage  size  of  these  corpascles  is  about  the  l-4600lh  of  an  inch;  but  ihey 
vary  from  about  l-7000ih  to  l-2600th.  They  are  evidently  imperfectly 
formed  cells,  which  are  frequently  seen  lo  conlain  (wo  or  three  cenL  ' 
molecules,  or  a  granular  mailer,  especially  after  they  have  been  treated  m\ 
waier,  and  which  usually  exhibit  the  appearance  of  a  single  round 
when  ireaied  with  dilute  muriatic  acid:  but  in  the  largest  corpusclea, 
tained  from  ihe  thoracic  duel,  the  addition  of  aoeiic  acid  sometimes 
closes  three  or  four  central  particles,  similar  lo  those  which  may 
quently  seen  by  the  aid  of  this  acid  in  the  white  globules  of  the  blood; 
such  corpuscles  may,  1  think,  be  considered  as  in  the  act  of  producing  new 
cells.  This  idea  is  condrmed  by  Ihe  fact  communicaled  to  me  hv  Mr. 
Gulliver,  ihat  the  central  particles  of  the  larger  chyle-glohules,  like 
same  nuclei  of  the  colourless  globules  of  the  blood,  are  rtiher  larger, 
distinct,  and  disc-like,  than  the  central  molecules  of  the  cnmmon 
chyle  and  lyroph-globules.  Now  (he  first  appearance  of  these  eelli 
large  number  is  exactly  coincideul  with  the  first  appearance  of  fibrin  in  Uw 
chyle,  to  an  amount  suflicicnt  lo  produce  spontaneous  coagulalinu;  ind 
when  this  fact  is  connected  with  those  which  have  been  previously  staiwl. 
the  inference  seems  very  probable,  that  the  elaboration  of  the  fibrin  i«  » 
consequence  of  the  production  of  these  cells,  and  of  their  vitalizing  infla- 
enee  upon  ihe  albumen. 

Wiih  regard  to  ihe  origin  of  these  cells,  there  is  ample  room  for  diflicrtiirt 
of  opinion.  Among  the  minute  panicles  contained  in  the  chyle  of  th* 
peripheral  lacleals.  some  appear  (o  be  (from  their  solubility  in  oilier)  of  m 
oily  character;!  whilst  others  are  albuminoua.     It  is  considered  by  WagMt 
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•  See  Mr.  Gnlliver'sobservalior 
Gerber'd  Oeneral  Anaiomv,  pp.  ee-M. 

t  That  the  malecular  base  i>f  the  chyle  may  be  of  an  oily  nalnre,  there  ij 
to  believe  from  Mr.  Gulliver's  observations  (Note  lo  Oerber,  p.  !)6);  but  the  i 
ably  uniform,  grayish  g^oanA,  which  ihii  iKiae  presents  in  the  aelil  r.r  ■- 1- 
sinRTilar  tmifcrmiiy  in  the  size  of  the  conttiiuent  molecules,  rheir  rcndv  ■ 
ance  on  ilie  addition  of  a  small  quantity  of  cold  clher  m  the  fluid  rti.  i 
appearance  in  this  mixture  of  a  Qufcd  matter,  as  described  by  Dr.  Ree.^,  i> ' 
cue  (hat  the  moiecDlar  base  cnuM  be  eilher  a  peculiar  variety  of  Citiy  ui:iii''r 
matter  in  a  peculiar  condition,— perhaps  in  ihe  form  of  an  emitlsioo,  so  tat 
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that  the  latter  are  the  germs  of  the  chyle-cells;  and  I  have  little  doubt  that 
this  idea  is  correct.  These  reproductive  granules,  however,  must  have 
been  produced  by  some  previously  existing  cell;  and  their  most  probable 
origin  appears  to  me  to  be  the  cells  already  mentioned  as  the  selectors  of 
the  chyle  at  the  extremities  of  the  villi.  These  cells,  in  bursting  or  lique- 
fying, yield  both  their  fluid  contents,  and  their  reproductive  granules,  to 
the  absorbent  vessels;  and  in  these  vessels  the  chyle  appears  destined  to 
undergo  a  gradual  alteration,  under  the  influence  of  that  cell-life  of  which 
the  foundation  is  laid  at  the  first  reception  of  the  fluid  into  the  system. 
The  development  of  these  cells,  and  the  production  of  their  peculiar  effects, 
require  a  certain  time;  this  is  provided  for  by  the  delay  of  the  chyle  in  the 
lacteal  vessels.  In  the  lower  Vertebrata,  there  are  no  mesenteric  glands, — a 
circumstance  which  indicates  that  these  are  not  an  essential  part  of  the 
absorbent  system;  but,  in  such  animals,  the  absorbents  are  immensely  ex- 
tended in  length.  In  the  warm-blooded  Vertebrata,  in  whose  conformation 
the  principle  of  concentration  operates  to  the  greatest  extent,  we  see  no 
such  prolongation;  but  it  is  provided  for  by  the  excessive  convolution  of 
the  vessels  in  the  mesenteric  glands,  where  it  seems  probable  that  the  chyle 
18  delayed  during  the  development  of  its  characteristic  cells. 

Statements  of  a  precisely  similar  kind  may  be  made,  regarding  the  lymph 
and  its  corpuscles.  Reasons  have  been  elsewhere  given  by  the  author,  for 
regarding  the  lymph,  not  as  a  fluid  destined  to  be  thrown  out  of  the  system, 
but  as  the  product  of  that  secondary  digestion,  by  which  a  portion  of  the 
materials,  that  have  formed  a  component  part  of  the  tissues  and  have  been 
set  free  by  their  disintegration,  are  again  rendered  subservient  to  nutrition, 
and  are  reconveyed  into  the  current  of  the  circulation,  (§  465-67.)  One 
thing  appears  certain, — that,  with  the  exception  of  fatty  matter  (of  which  the 
chyle  contains  a  large  amount,  whilst  the  lymph  presents  scarcely  a  trace 
of  it),  there  is  little  appreciable  difference  between  the  chyle  and  the  lymph. 
The  latter,  like  the  former,  contains  albuminous  matter,  part  of  which 
undergoes  a  gradual  transformation  into  fibrin;  and  there  is  precisely  the 
same  evidence  as  in  the  former  case,  that  this  change  is  effected  by  the 
development  of  cells  in  the  fluid.  The  idea  which  we  should  hence  form, 
that  the  lymphatic  glands  are  organs  of  nutrition,  in  which  the  matters  pass- 
ing through  them  are  subjected  to  an  elaboration  which  prepares  them  for 
the  growth  and  maintenance  of  the  animal  structures,  entirely  agrees  with 
Mr.  Gulliver's  observations.     (See  Appendix  to  Gerber,  pp.  97-8.) — C] 

Physical  and  Vital  Properties  of  the  Blood. 

570.  The  blood,  whilst  circulating  in  its  vessels,  is  composed  of  a  fluid, 
in  which  a  large  number  of  corpuscles  or  particles  of  a  red  colour  are  sus- 
pended. The  fluid  portion,  which  is  known  under  the  name  of  liquor 
sanguinis^  essentially  consists  of  fibrin  and  albumen  with  saline  matter  dis- 
solved in  water;  and  this,  when  effused  without  an  intermixture  of  corpus- 
cles, is  known  under  the  name  of  coagulable  lymph.  The  blood-particles 
(commonly,  but  erroneously,  termed  globules)  are  flattened  discs,  which  in 
Man  and  most  of  the  Mammalia  have  a  distinctly  circular  outline.  In  the 
discs  of  Human  blood,  when  examined  in  its  natural  condition,  the  sides  are 
somewhat  concave;  and  tliere  is  a  bright  spot  in  the  centre,  which  has  been 

palpable  that  nothing  similar  has  yet  been  detected  in  any  other  animal  fluid.  The 
larger,  more  unequiu-sized,  and  highly  refracting  oily  globules  of  the  chyle  are  in  a 
very  different  state,  and  so  are  those  of  milk  or  cream. 
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regarded  by  many  as  indicating  the  existence  of  a  nucleus,  although  it  is  in 
reality  due  simply  to  the  greater  thinness  of  the  disc  at  that  part.    The  form 

of  the  disc  is  very  much  altered  by  various 

Fig.  53.  reagents;  for  the  membrane  which  com- 

^  poses  its  exterior  is  readily  permeable  by 

^^-^"*  ^        fluids;  so  that,  if  the  discs  be  put  into 

»    -^  ff—^  ^KLflm  water,  a  povrerful  endosmose  takes  place 

^-hI^  ^Sk^^  tovrards  the  interior,  causing  the  particles 

^  ^  to  assume  a  globular  form.     Hence  in  ex- 

_^  amining  the  blood,  it  is  necessary  to  dilute 

®         9  it  with  a  fluid  as  nearly  as  possible  of  the 

same  character  with  ordinary  serum.*    In 

Corpufciei  of  human  blood  magnified  regard  to  the  existence  of  a  nucleus  in  the 

!iS:"r.''r«.:;»rAn'rriS,:  ^orpMsde.  of  Mammalia,  there  is  consider 

ways.  B,  aggregation  of  particiea  in  a  co-  able  diiierence  01  opiniou  amongsi  inicro- 

lumnarform.  (Mter  Wagner.)  scopists;  some  maintaining  that  it  can  be 

brought  into  view  by  treating  them  with 
acetic  acid,  whilst  others  deny  that  any  definite  appearance  is  thus  produced. 
The  Author  is  inclined,  from  his  own  observations,  to  believe  that  it  exists; 

and  the  most  recent  statements  in 
Fig.  54.  regard  to  it  seem  very  unequivoeait 

In  the  red  particles  of  the  Frog, 
which  are  far  larger  Uian  those  of 
Man,  a  nucleus  can  be  observed  to 
project  somewhat  from  the  central 
portion  of  the  oval,  even  during  their 
^  circulation;  and  it  is  renders  ex« 

^^  tremely  distinct  by  the  action  of 

acetic  acid;  this  dissolves  away  the 
o  remainder  of  the  particle,  and  gives 

Particles  of  Prog'M  blood;  a,  a,  their  flattened    an  increased  Opacity  to  the  uucleos, 

face;    6,   particle  turned   nearly   edgeways,   c,      ^ijj^.j^   jg   ^^CU   SeCU  tO   COnsist  of  1 
lymph-globule;   d,  blood-corpuscles   altered   by  ,  ,  i      i_        'ii  i 

dilute  acetic  acid.  Magnified  600  diam.  (After    granular  substance.  In  the  Still  larger 
Wagner.)  blood-disc  of  the  Proteus  and  Sireo, 

this  appearance  is  yet  more  distinct, 
the  structure  of  the  nucleus  being  so  evident  without  the  addition  of  acetic 
acid,  that  its  granules  can  be  counted.^ 

*  By  Wagner,  the  filtered  seram  of  frog's  blood  is  recommended  for  this  Pttrpose. 
Weak  solutioQs  of  sail  or  sugar,  and  urine,  answer  lolerably  well;  but  Mr.  uolli^^r 
remarks  thai  all  addition  must  be  avoided  when  it  is  intended  to  measure  the  corpus- 
cles, or  to  ascertain  their  true  forms;  as  the  serum  of  one  mammal  reacts  iojarioasl/ 
on  the  blood  of  another.    See  Philos.  Nfagaz.  Jan.  and  Feb.  1840. 

t  See  Dr.  Barry's  Observations  on  the  Corpuscles  of  the  Blood,  Philos.  Transact 
1841,  Part  u. 

X  As  Professor  Owen's  interesting  account  of  the  blood-discs  of  the  Siren  may  no* 
be  generally  accessible  (Penny  Cyclopaedia,  Art.  Siren)  the  leading  facts  in  it  will  be 
here  stated.  This  animal  agrees  with  the  Proteus  and  other  species  in  being  pereo* 
nibranchiate  (§  43);  and,  as  in  all  its  congeners  yet  examined,  the  blood-discs  are  of 
very  large  dimensions.  They  are  usually  of  an  oval  form,  the  long  diameter  being 
nearly  twice  the  short;  and  the  nucleus  projects  slightly  from  each  of  the  flattened 
surfaces.  Considerable  variety  in  the  form  of  the  disc  presented  itself,  some  of  il»* 
corpuscles  being  much  less  oval  than  others;  but  the  nucleus  did  not  partake  of  these 
variations  in  nearly  the  same  degree.  The  nucleus  is  clearly  seen  to  consist  of*' 
number  of  moderately-bright  spherical  granules,  of  which  from  20  to  30  could  be 
seen  in  one  plane  or  focus,  the  total  number  being  of  course  much  greater.  Wben 
removed  from  the  capsule,  the  nuclei  are  colourless,  and  the  component  graooles 
have  a  high  refracting  power.    Viewed  in  situ,  they  present  a  tinge  of  coloar  ligbier 
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571.  In  regard  to  the/orm  of  the  blood-corpuscles,  it  is  a  fact  of  much 
interest,  that  in  all  oviparous  air-breathing  Vertebrata  they  are  oval,  whilst 
in  Mammalia  they  are  round,  with  the  exception  of  the  family  of  Came- 
lidae,  in  which  they  are  oval.  Their  form  is  not  unfrequently  seen  to  change 
during  their  circulation;  but  this  is  generally  in  consequence  of  pressure; 
from  the  effects  of  which,  however,  they  quickly  recover  themselves.  In 
the  narrow  capillary  vessels,  they  sometimes  become  suddenly  elongated, 
twisted,  or  bent,  through  a  narrowing  of  the  channel;  and  this  may  take 
place  to  such  a  degree  as  to  enable  the  disc  to  pass  through  an  aperture 
which  appears  very  minute  in  proportion  to  its  diameter.*  Even  when 
withdrawn  from  the  vessels,  however,  and  floating  in  their  own  serum,  the 
discs  are  frequently  seen  to  undergo  remarkable  changes  in  form,  which 
cannot  be  attributed  to  endosmose  or  exosmose,  and  which  indicate  the  ex- 
istence of  a  property  of  contractility  in  their  own  parietes.  These  changes 
appear  to  take  place  especially  in  the  corpuscles  of  blood  whose  vitality  is 
heightened  by  a  local  action;  they  have  been  minutely  described  by  Dr. 
Barry,  who  has  witnessed  them  in  the  blood  effused  on  the  inner  mem- 
brane of  the  Fallopian  tube  of  the  Rabbit  at  the  time  of  the  transit  of  the 
ovum;  and  they  have  also  been  observed  by  Mr.  Gulliver  in  blood  that  has 
been  extravasated.  In  the  instances  recorded  by  Dr.  Barry,  the  changes 
of  form  were  often  so  rapid  as  to  produce  evident  movements.  When 
undergoing  spontaneous  decomposition,  the  blood-discs  become  granulated, 
and  sometimes  (as  long  ago  noticed  by  Hewson)  even  mulberry -shaped; 
and  particles  in  which  these  changes  appear  to  be  commencing  may  be 
found  in  the  blood  at  all  times. 

572.  The  size  of  the  blood-discs  is  liable  to  considerable  variation,  even 
in  the  same  individual;  and  this  is  at  once  understood,  when  they  are 
considered  as  cells  in  different  stages  of  growth.  There  are,  however, 
limits  to  this  variation  for  each  species;  and  the  blood-discs  of  one  tribe 
of  Mammalia  can  rarely  be  confounded  with  those  of  another.  The  diame- 
ter of  the  corpuscles  bears  no  constant  relation  to  the  size  of  the  animal, 
even  within  the  limits  of  the  same  class;  thus,  although  those  of  the  Ele- 
phant are  the  largest  among  Mammalia  (as  far  as  is  hitherto  known),  those 
of  the  Mouse  tribe  are  far  from  being  the  smallest,  being  in  fact  more  than 
three  times  the  diameter  of  those  of  the  Musk  Deer.  There  is,  however,  a 
more  uniform  relation  between  the  size  of  the  animal  and  that  of  its  blood- 
discs,  when  the  comparison  is  made  within  the  limits  of  the  same  order.  In 
Man,  the  diameter  varies  from  about  l-4000th  to  l-2800th;  the  average 
diameter  is  probably  about  1 -3400th.  This  is  very  nearly  the  same  with 
the  average  of  the  Quadrumana;  there  is,  however,  a  slight  diminution 
among  the  Lemurs,  and  there  is  more  variation  among  them  than  among  the 
Monkeys.  Among  the  Cheiroptera,  the  diameter  of  the  corpuscles  is  some- 
what less  than  in  the  preceding  order,  the  average  being  about  l-4300th  of 
an  inch.  The  blood-discs  of  the  Mole  are  still  smaller,  averaging  only  the 
l-4750th  of  an  inch;  those  of  the  Hedge-hog,  however,  are  larger,  being 
about  l-4100th.     Among  the  Plantigrade  Carnivora,  the  average  is  about 

than  that  of  the  surroundiDg  fluid,  and  dependent  upon  the  thin  layer  of  that  fluid 
inieiposed  between  the  nucleus  and  the  capsule.  As  the  fluid  contents  of  the  blood- 
disc  ID  part  evaporate  during  the  process  of  desiccation,  the  capsule  falls  into  folds  in 
•the  interspace  between  the  nucleus  and  the  outer  margin;  these  folds  generally  take 
the  direction  of  straight  lines,  three  to  seven  in  number,  radiating  from  the  nucleus. 
*  Blood-corpuscles  are  repeatedly  found,  quite  unaltered  in  appearance,  on  the 
mneons  surfaces,  when  no  solution  of  continuity  whatever  can  be  detected  in  the 
vessels."    Gulliver,  in  Gerb.  Gen.  Anat.  p.  78. 
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l-3800th,  and  from  this  none  depart  very  widely:  but  among  the  Digiti- 
grade  species  there  is  a  considerable  range;  in  ihe  Weasel  tribe,  the  average 
is  about  l-4800lh;  in  the  Feline,  it  is  about  l-4400tli;  in  the  Dog  tribe,* 
there  is  a  range  of  averages  from  l-3400th  to  l-4100th;  and  in  the  Seal,  the 
average  is  about  l-3300th.  Observations  on  the  blood-discs  of  the  Cetacea 
are  much  required.  Among  the  PachydemuUa,  the  average,  excluding  the 
Elephant  (the  diameter  of  whose  blood-discs  is  about  1 -2746th  of  an  inch), 
and  the  Rhinoceros  (in  which  they  are  about  1 -3765th),  may  be  stated  at 
about  l-4200th;  and  there  is  less  variation  than  might  have  been  expected 
from  the  different  size  and  conformation  of  the  several  species  examined* 
Among  the  Ruminantia,  the  corpuscles  are  for  the  most  part  smaller  than 
in  other  orders;  and  there  is  more  relation  between  their  diameter  and  the 
size  of  the  animal,  than  is  elsewhere  observable.  Excliiding  the  Camelids 
(which  are  zoologically  intermediate  between  the  Ruminantia  and  Pachy- 
dermata),  we  find  a  range  of  sizes  extending  from  the  1 -3777th  to  the 
l-12325th  of  an  inch;  the  former  is  the  diameter  in  one  of  the  larger  Deer; 
the  latter  in  the  Musk  Deer,  which  is  the  smallest  of  the  whole  order.  In 
the  Camel  tribe,  the  average  long  diameter  of  the  oval  corpuscles  is  l-d400di 
of  an  inch;  whilst  that  of  the  short  diameter  is  l-6300th;  and  this  is  nowhere 
widely  departed  from:  the  length  of  the  discs  is,  therefore,  not  quite  twice 
their  breadth.  Among  the  Rodentia^  the  discs  are  rather  large,  especially 
considering  the  small  size  of  most  of  the  species.  In  the  Capybara,  which  is 
the  largest  animal  of  the  order,  they  average  1-32 16th;  and  in  ^e  Mouse  family 
(the  smallest  of  Mammalia)  they  are  as  much  as  l-3800th.  In  the  Squirrel, 
the  diameter  is  rather  less;  but  in  scarcely  any  of  the  whole  order  is  it  under 
l-4000th.  Among  the  Edentata^  the  only  species  yet  examined  is  one  of 
the  Armadillos,  in  which  the  diameter  of  the  corpuscles  is  about  the  same 
as  in  the  Quadrumana.  In  the  Maraupialia  the  range  is  nearly  the  same 
as  among  the  Rodentia. 

573.  In  Birds,  according  to  the  observations  of  Mr.  Gulliver,  the  long 
and  short  diameters  of  the  corpuscles  usually  bear  to  each  other  the  proper* 
tion  of  li  or  2,  to  1;  and  this  is  the  general   relation  among  oviparoai 
Vertebrata,  with  the  exception  of  some  of  the  Crocodile  tribe,  in  which  the 
length  is  sometimes  three  times  the  breadth.     The  size  of  the  corpuscles 
of  Birds  has  generally  more  relation  to  that  of  the  species,  than  in  Mam- 
malia.    No  instance  has  yet  been  detected  of  the  occurrence  of  compen- 
tively  small  corpuscles  in  the  larger  species,  and  of  large  corpuscles  among 
smaller  animals,  which  has  been  seen  to  be  common  among  the  former 
class;  the  blood  of  the  Humming-birds,  however,  has  not  yet  been  examined. 
The  largest  discs  are  found  among  the  Curaores;  those  of  the  Emu  haveao 
average  long  diameter  of  1-1 690th  of  an  inch,  and  a  short  diameter  of 
l-3030th;  and  among  the  larger  Saptores,  Grallatores^  and  NatcUoret^  the 
dimensions  are  but  little  inferior.     The  least  dimensions  hitherto  obsenred 
are  among  the  small  Passerine  birds;  in  which  the  corpuscles  have  a  long 
diameter  of  about  1 -2400th  of  an  inch,  and  a  transverse  diameter  of  IroB 
1-3800  to  l-4800th.     Circular  discs  may  be  occasionally  observed  in  some 
species,  agreeing  with  the  others  in  every  particular  but  their  form;  end 
every  gradation  may  be  noticed  between  these  and  the  regular  oval  oo^ 

♦  Two  facts  of  much  interest  in  Zoology  have  been  brought  lo  light  by  Mr.  0^ 
liver's  examination  of  the  diameter  of  the  blood-corpuscles  of  this  \nSe.  The  diftr- 
ence  between  those  of  the  Dog  and  Wolf  is  not  greater  than  that  which  exists  anoDS 
the  varieties  of  the  Dog,  whilst  the  discs  of  the  Fox  are  much  smaller.  The  disci  of 
the  Hyaena  are  far  more  approximate  to  those  of  the  Canids  than  they  are  to  tboM 
oftheFelidae. 
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puscles.  The  nuclei  of  the  blood-particles  of  Birds  are  very  distinctly  brought 
into  view,  when  they  are  treated  with  acetic  acid. 

574.  The  large  size  of  the  blood-discs  in  Reptiles,  especially  in  Batra- 
chia,  and  above  all,  in  the  perennibranchiate  species  of  the  latter,  has  been 
of  great  service  to  the  physiologist,  by  enabling  him  to  ascertain  many  par- 
ticulars regarding  their  structure,  which  could  not  have  been  otherwise  de- 
termined with  certainty.  Among  other  facilities  which  this  occasions,  is 
that  of  procuring  their  separation  from  the  other  constituents  of  the  blood; 
for  they  are  too  large  to  pass  through  the  pores  of  ordinary  filtering-paper, 
and  are  therefore  retained  upon  it,  after  the  liquor  sanguinis  has  flowed 
through.  The  blood-discs  of  the  warm-blooded  Vertebrata  cannot  be  thus 
separated.  The  oval  corpuscles  of  the  Frog  have  a  long*  diameter  of  about 
1-lOOOth,  and  a  transverse  diameter  of  about  l-1800thof  an  inch;  those  of 
the  Salamander  or  Water-newt,  are  rather  smaller.  The  long  diameter  of 
the  corpuscles  of  the  Proteus  is  stated  by  Wagner  at  l-337th  of  an  inch; 
that  of  the  Siren  is  about  l-435th,  the  short  diameter  being  about  l-800th  of 
an  inch:  the  extremes  of  variation,  however,  are  very  wide.  The  long 
diameter  of  the  nuclei  is  about  1-lOOOth  or  1-1 100th,  and  the  short  diameter 
about  l-2000th;  hence  it  is  about  three  times  as  long,  and  nearly  twice  as 
broad,  as  the  entire  human  blood-disc,  thus  having  six  times  its  superficies; 
its  thickness  is  about  l-3800th  of  an  inch. 

575.  In  regard  to  the  Chemical  constitution  of  the  blood-corpuscles,  it  is 
difficult  to  speak  with  definiteness;  since  there  are  three  parts  in  each  disc 
which  are  essentially  different  in  character,  and  which  may  have  a  very 
diflTerent  composition. '  These  parts, — the  capsule,  the  nucleus,  and  the 
contained  matter,  cannot  be  separated  without  the  use  of  chemical  reagents, 
which  must  alter  their  respective  properties.  Two  proximate  principles 
have  been  obtained  from  the  blood-discs:  these  are  designated  as  heema- 
tosine  and  globuline.  To  the  former,  the  red  colour  of  the  blood  is  due, 
although  it  constitutes  not  more  than  a  20th  or  25th  part  of  the  whole  mass 
of  dried  globules.  When  separated  from  the  globulin,  it  is  of  a  dark-brown 
hue,  and  is  tasteless  and  insoluble  in  water,  alcohol,  and  ether;  but  is 
readily  soluble  in  water  or  alcohol  that  contains  alkalies  or  acids,  whence  it 
may  be  supposed  to  unite  with  these,  like  albumen,  as  an  acid  or  a  base. 
In  composition,  however,  it  differs  considerably  from  both  protein  and 
albumen,  its  formula  being  44  c,  22  h,  3  n,  6  o,  with  a  single  proportional 
of  iron.  When  burned,  it  yields  a  notable  quantity  of  peroxide  of  iron; 
and  one  atom  of  this  is  considered  to  be  present  in  combination  with  one 
of  the  animal  compound,  which  is  analogous  to  protein.  The  red  colour 
is  not  due,  however,  as  formerly  supposed,  to  the  presence  of  this  peroxide; 
for  M.  Scherer  has  recently  found  that  the  metal  may  be  entirely  dissolved 
away  by  the  agency  of  acids,  and  that  the  animal  matter,  afterwards  boiled 
in  alcohol,  colours  the  spirit  intensely  red.  The  globulirij  which  is  the 
principal  constituent  of  the  corpuscles,  has  not  yet  been  isolated;  but  from 
its  properties  in  combination,  it  is  inferred  to  differ  but  little  from  protein. 
It  may  perhaps  be  doubted,  whether  these  two  principles  have  a  separate 
existence,  or  whether  they  are  not  rather  results  of  the  chemical  processes 
employed  to  obtain  them.  When  the  blood-discs  are  separated  from  the 
other  constituents  of  the  fluid,  and  are  immersed  in  water,  they  soon  absorb 
so  much  as  to  become  globular;  and  the  continuance  of  the  endosmose 
occasions  the  difl'usion  of  their  contents  (perhaps  by  the  rupture  of  the  cap- 
sule) through  the  water,  in  which  the  greater  part  dissolves.  This  solution 
exhibits  ^le  same  changes  of  colour  under  the  influence  of  oxygen,  acids, 
saline  matter,  &c.,  as  the  blood  undergoes  in  similar  circumstances  ($  542). 
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When  it  is  heated,  the  matter  of  the  globules  is  coagulated  and  forms  an 
insoluble  precipitate;  both  in  its  soluble  and  coagulated  states,  it  exhibits 
similar  effects  with  reagents,  as  does  albumen  in  the  same  conditions. 

576.  The  question  of  the  origin  of  the  Blood-corpuscles  is  a  very 
interesting  one,  and  cannot  yet  be  regarded  as  fully  elucidated.     That 
they  are  to  be  regarded  as  nucleated  cells,  conformable  in  general  character 
with  the  isolated  cells  which  constitute  the  whole  of  the  simplest  Plants 
(§  655),  and  having  each  an  independent  life  of  its  own,  there  can  now  be 
no  reasonable  doubt.     From  this  we  should  infer  that  they  have  the  power 
of  reproducing  themselves;  and  the  recent  observations  of  Dr.  Barry  and 
other  microscopists  have  confirmed  the  statement  long  ago  made  to  that 
effect  by  Leeuwenhoek.     The  first  change  which  takes  place  is  the  ap- 
pearance of  delicate  radiating  lines  between  the  nucleus  and  the  periphery; 
dividing  the  disc  into  severed  segments,  usually  six  in  number  (Fig.  ^, 
Plate  I).     The  margin  is  soon  observed  to  become  crenated,  by  indenta- 
tions at  corresponding  points;  and  these  indentations  become  deeper,  until 
a  complete  separation  takes  place,  forming  six  young  cells  or  discs  (a,  6, 
c,  cf,  e.)     It  is  next  to  certain  that  these  are  developed  within  the  parent 
cell  or  disc,  from  some  of  the  granules  on  the  margin  of  its  nucleus;  just 
in  the  same  manner  as  rings  of  cells  will  be  hereafter  described  as  arising 
from  the  germinal  spot.     From  this  fact,  connected  with  what  has  been 
already  stated  of  the  continual  decomposition  of  the  blood-discs  (§  571), 
we  may  infer  that  each  cell  has  a  determinate  period  of  existence;  and 
that,  whilst  some  are  decaying  from  age,  their  place  is  being  supplied  by 
young  ones  in  process  of  growth.     Between  the  small  newly-generated 
disc,  and  the  full-sized  corpuscle,  we  should  expect  to  find  every  interme- 
diate size;  and  this  is  exactly  what  presents  itself.     That  the  corpuscles 
may  be  generated  with  great  rapidity  under  peculiar  circumstances,  will 
hereafter  appear  (§  494);  and  their  amount  may  undergo  a  rapid  diminutioo 
also,  without  any  evident  abstraction  of  them  from  the  circulating  fiuid. 
In  regard  to  the  question  whether  or  not  the  blood-discs  can  be  produced 
from  the  chyle-globules,  it  is  difficult  to  speak  positively.     Appearances 
have  been  seen  by  Wagner,  Gulliver,  and  others,  in  the  blood  of  Batrachia, 
which  seem  to  indicate  that  the  latter  serve  as  the  nuclei  of  cells,  which, 
when  fully  developed,  may  become  blood-discs;  but  in  the  Mammalia  it  if 
scarcely  possible  to  imagine  that  this  can  occur;  since  the  diameter  of  the 
colourless  globules  is  so  constant,  whilst  that  of  the  blood-discs  is  no 
variable,   that  the  former,  though  sometimes   the  smaller,  are   in  other 
instances  far  larger  than  the  latter. 

577.  That  the  blood-discs  when  first  formed  in  the  embryo  have  an 
origin  common  to  that  of  all  other  tissues,  cannot  be  doubted.  They  are 
produced,  in  the  embryo  of  the  Bird,  in  the  portion  of  the  germinal  mem- 
brane, which  afterwards  becomes  the  area  vasculosa;  this  consists  of 
delicate  cells  very  uniformly  disposed;  and  whilst  capillary  vessels  arc 
being  formed  by  the  union  of  the  cavities  of  these,  blood-discs  are  de* 
veloped  from  the  granules  or  cell-germs  they  contain.  These  changes  take 
place  about  the  second  or  third  day  of  incubation;  but  it  is  not  until  some 
days  afterwards  that  the  discs  assume  their  characteristic  form.  As  at 
this  period  no  special  organs  exist  in  the  embryonic  structure,  it  is  evident 
that  the  blood  must  be  formed  by  the  cells  of  the  germinal  membrane,  at 
the  expense  of  the  albuminous  alimentary  materials  which  they  absorb 
from  the  yelk;  hence  we  may  infer  that  no  special  organ  can  be  needed 
for  this  purpose  in  the  adult,  and  that  the  assignment  of  the  manufacture 
of  blood-corpuscles,  by  some  physiologists  to  the  Spleen»  by  others  to  the 
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Production  of  blood -corpuscles  in  Chick,  on  the  fourth  daj  of  incubation;  a,  particles  fuU7*formed; 
bt  particles  in  progress  of  formation;  c,  similar  particles  altered  by  dilute  acetic  acid,  so  as  to  display 
their  nuclei.  (After  Wagner.) 

Thymus,  must  be  incorrect.  The  corpuscles  are  generally  larger  in  the 
embryo  than  in  the  adult,  especially  soon  after  the  period  of  their  first 
formation;  it  was  remarked  by  M.  Prevost  that  in  the  fcBtal  goat  they  were 
at  first  twice  the  size  of  those  of  the  mother.  Mr.  Gulliver  has  observed, 
however,  that  at  a  later  period  of  utero-gestation  they  are  sometimes 
smaller  than  the  average  dimension  of  the  adult;  but  perhaps  all  such 
observations  are  to  be  received  with  hesitation,  owing  to  the  fact  mentioned 
by  him,  that  the  variety  in  the  magnitude  of  the  fcBtal  corpuscles  is  much 
greater  than  in  the  full-grown  animal. 

[Regarding  the  origin  of  the  colourless  corpuscles  there  is  a  similar 
diversity  of  opinion;  by  Milller  and  many  other  physiologists,  they  are 
considered  to  be  identical  with  the  lymph  and  chyle-corpuscles;  and  to 
this  view  the  author  is  himself  inclined.  It  is  a  very  strong  argument  in 
favour  of  it  that  they  are  of  nearly  the  same  size  and  appearance  in  all 
animals  that  have  yet  been  examined;  and  that  they  correspond  very 
closely,  not  only  in  these  respects,  but  in  the  mode  in  which  they  are 
influenced  by  reagents.  There  does  not  seem  any  greater  difference  be- 
tween the  colourless  corpuscles  of  the  blood  and  the  chyle  or  lymph- 
globules,  than  there  is  between  chyle-globules  taken  from  the  difierent 
parts  of  the  lacteal  system.  On  the  other  hand.  Dr.  Barry  and  Mr.  Ad- 
dison agree  in  the  opinion  that  the  colourless  corpuscles  are  formed  from 
the  central  portion  of  the  red  discs;  and  they  consider  them  as  holding 
an  intermediate  position  between  the  true  red  discs  and  those  greatly  altered 
forms  of  them  which  constitute  (according  to  them)  the  foundations  of  the 
tissues,  as  well  as  pus  and  other  globules.  It  does  not  appear  to  the 
Author  that  the  facts  stated  by  either  of  these  observers  are  sufficient  to 
establish  a  position  so  much  at  variance  with  known  facts.  There  seems 
as  much  difficulty  in  imagining  that  the  colourless  corpuscles  of  the  Frog 
should  have  originated  from  its  comparatively  large  red  corpuscle,*  as  that 
the  minute  red  corpuscle  of  the  Musk  Deer  should  have  had  its  origin  in 
the  comparatively  large  lymph-globule  of  that  interesting  animal.t  The 
circumstance  that  colourless  corpuscles  exist  abundantly  in  the  blood  of 
the  foBtus,  which  has  no  separate  chyle,  does  not  weigh  in  the  least  against 
the  doctrine  of  the  identity  of  the  chyle  and  colourless  corpuscles;  since 
the  fluid  taken  up  by  the  omphalo-mesenteric  vessels  from  the  surface  of 
the  yelk-bag,  or  from  the  placental  sinuses  by  the  umbilical  vessels, 
stands  precisely  in  the  same  relation  as  chyle.    The  cell-germs  of  the  former 

•  Dr.  Barry  has  informed  the  author  that  he  feels  well  assured  of  this  transforma- 
tioD;  but  it  cannot  be  the  same  with  that  which  produces  the  colourless  corpuscles  of 
the  mammalia. 

t  See  Mr.  Gulliver's  observation,  in  Willis's  Translation  of  Wagner's  Physiology, 
p.  251,  note. 
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are  probably  fiirnished  by  the  cells  that  intervene  between  the  omphalo- 
mesenteric vessels  and  the  surface  of  the  yelk;  those  of  the  latter  by  the 
similar  layer  of  cells  that  covers  (according  to  Mr.  Goodsir*s  observation) 
the  extremities  of  the  absorbent  tufts  of  the  umbilical  vessels.] — C. 

678.  In  regard  to  the  uses  of  the  blood-corpuscles  in  the  animal  economy, 
there  is  no  doubt  that  much  remains  to  be  learned.     A  speculative  opinion 
has  long  enjoyed  a  certain  degree  of  currency, — that  some  of  the  tissues, 
especially  the  muscular  (in  which  alone  fibrin  was  supposed  to  exist),  were 
formed  by  the  aggregation  of  them  in  various  modes;  and  this  opinion  has 
lately  been  revived  in  an  altered  form  by  Dr.  Barry,  as  the  result  of  actual 
observation.*    According  to  his  most  recent  statement,  he  has  found  every 
tissue  which  he  has  examined  **  to  arise  out  of  corpuscles  having  the  same 
appearance  as  the  corpuscles  of  the  blood."     This  statement  includes  Epi- 
thelium-cells, Pigment-cells,   Capillary-vessels,  the  elements  of  Cellolar 
tissue,  of  Cartilage,  of  Muscular  tissue,  of  Nervous  tissue,  of  the  Crystallioe 
Lens,  of  the  Chorion,  of  the  Ovulum,  of  the  Spermatozoon,  and  of  the  Pas- 
globule.   The  Author  deems  it  premature,  however,  to  adopt  so  important  a 
conclusion  as  an  established  physiological  truth,  until  it  has  been  tested  by 
observations  of  a  more  varied  kind.  These  should  be  made  upon  animals  hav- 
ing very  large  blood-discs  (such  as  the  perennibranchiate  Batrachia)  andapon 
those  in  which  they  are  extremely  minute  (such  as  the  Napu  Deer).     It  is 
only  by  observations  of  this  kind,  that  the  relation  between  the  blood-disc 
and  the  exudation-corpuscle  can  be  fully  determined;  and  whether  the  latter 
originates,  as  Dr.  B.  supposes,  in  the  nuclei  of  the  red  particles,  or  is  radier 
an  altered  form  of  the  chyle  globule,  must  be  considered  an  undecided 
question.     That  the  various  simpler  forms  of  tissue  may  be  produced  from 
the  exudation-corpuscles,  is  indubitable;  and  the  want  of  correspondence 
between  the  dimensions  of  the  elements  of  these,  in  different  animals,  and 
the  size  of  the  blood-discs,  may  be  thought  to  indicate  that  their  relation  is 
not  so  close  as  Dr.  B.  supposes. — The  red  particles  are  most  abundant  in 
animals  which  maintain  the  highest  temperature;  thus,  they  are  somewhat 
more  numerous,  in  proportion  to  the  whole  bulk  of  the  blood,  in  Birds  than 
in  Mammalia,  and  far  more  in  the  latter  than  in  Reptiles  and  Fishes.    As 
it  is  evident  that  they  undergo  very  important  changes  in  the  pulmonary 
and  systemic  capillaries,  their  colour  being  changed  from  purple  to  red  in 
the  former,  and  from  red  to  purple  in  the  latter,  it  may  perhaps  be  surmised 
without  improbability,  that  they  have  for  a  principal  office  the  introduction 
of  oxygen  into  the  blood  that  circulates  through  the  systemic  capillaries, 
and  the  removal  of  the  carbonic  acid  set  free  there; — to  serve  as  the  mediumi 
in  fact,  for  bringing  the  tissues  into  relation  with  the  air,  the  influence  of 
which  is  necessary  for  the  maintenance  of  their  vital  activity.     It  is  not 
unlikely,  also,  that  they  may  thus  be  of  important  assistance  in  promoting 
the  movement  of  the  fluid  in  which  they  are  suspended;  for,  if  it  be  true 
that  this  partly  depends  upon  the  chemical  condition  of  the  blood  in  respect 
to  the  tissues  which  it  supplies,  any  attractions  or  repulsions  arising  out  of 
this  may  be  more  powerfully  exercised  upon  a  solid  corpuscle,  than  upon 
the  constantly-shifting  particles  of  the  fluid. 

579.  The  existence  of  white  or  colourless  corpuscles  in  the  circulating 
blood  of  Frogs,  and  the  probable  identity  of  these  with  the  lymph  orchyI«* 
globules,  has  been  already  mentioned  (§  567).  The  nature  of  the  white 
particles  in  the  blood  of  Mammalia  is  still  a  subject  for  inquiry;  by  ^^* 

*  Philosophical  Transactions,  1840  and  1841. 
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Barry  they  are  considered  as  resulting  from  a  transformation  of  the  ordinary 
red  corpuscles,  such  as  occurs  when  they  are  about  to  resolve  themselves 
into  solid  tissues,  or  into  pus-globules.  Not  having  studied  the  chyle- 
globules,  however,  he  does  not  oifer  any  opinion  regarding  their  identity 
with  these  (§  597).  It  has  been  observed  by  Mr.  Gulliver  and  others, 
that  in  inflammatory  states  of  the  system,  the  colourless  globules  are  much 
more  abundant  in  the  blood  than  in  health;  and  that  they  are  especially 
numerous  in  suppurative  diseases.  The  white  globules,  described  by  M. 
Mandl,  are  probably  altogether  different;  being  formed  by  the  simple 
coagulation  of  the  fibrin,  and  having  no  proper  structure.  (See  latter  part 
of  §  589).* 

QThe  continuation  {of  the  nutritive  process  by  the  elaboration  of  organi- 
zable  plasma  I  has  been  regarded  by  Wagner,  Henle,  and  Wharton  Jones, 
as  one  of  the  functions  (probably  the  chief  one)  of  the  red  corpuscles.  To 
this  view,  however,  there  are  certain  objections,  which  appear  to  the 
author  to  be  of  a  very  decided  character.  In  the  first  place,  there  is  no 
constant  proportion  between  the  amount  of  fibrin  in  the  blood,  and  the  num- 
ber of  its  red  corpuscles.  The  researches  of  Andral  have  clearly  shown, 
that  in  the  inflammatory  condition  of  the  blood  there  is  a  decided  increase, 
often  a  most  astonishing  one,  in  the  amount  of  the  fibrin;  whilst  there  is  no 
corresponding  augmentation  in  the  number  of  red  corpuscles.  Indeed,  this 
augmentation  is  not  incompatible  with  a  chlorotic  state  of  the  blood;  the 
peculiar  characteristic  of  which  is  a  great  diminution  in  the  amount  of  red 
corpuscles.  Again,  in  fever,  the  characteristic  alteration  in  the  condition 
of  the  blood  appears  to  be  an  increase  in  the  amount  of  red  corpuscles,  with 
a  diminution  in  the  quantity  of  fibrin;  yet  if  a  local  inflammation  should 
establish  itself  during  the  course  of  a  fever,  the  proportion  of  fibrin  will  rise, 
and  this  without  any  change  in  the  amount  of  corpuscles.  By  such  altera- 
tions, the  normal  proportion  between  the  quantity  of  fibrin  and  corpuscles, 
which  may  be  stated  as  a:  6,  may  be  so  much  altered  as  to  become  4a :  6, 
or  a  :  46.  Can  it  be  supposed,  then,  that  the  elaboration  of  the  fibrin  is  a 
conaequence  of  the  action  of  the  red  corpuscles?     Another  important  fact, 

*  The  white  or  colourless  globules  mentioned  in  this  paragraph  have  been  recently 
examined  minutely  by  Dr.  Barry  bdgI  by  Remak.  These  excellent  observers  agree 
in  regarding  them  as  cells,  wiibin  which  other  cells  are  being  produced;  and  both 
assert,  that  the  new  or  secondary  cells  thus  formed,  in  the  circulating  bloodi  are 
Doihing  else  than  blood-discs.  Both,  also,  have  applied  to  these  globules  the  term 
"  pareni-ceUs."  Although  ordinarily  spoken  of  as  white  or  colourless;,  these  globules 
are  not  in  reality  at  all  times  free  from  colour;  for,  when  the  young  blood-discs  they 
contain  are  nearly  mature,  tkeir  colour  can  be  readily  distinguished  through  the 
parietes  of  the  parent-cell.  The  statement  in  the  text  in  regard  to  the  increased 
Domber  of  such  globules  contained  in  the  blood  in  inflammatory  states  of  the  system, 
acquires  new  value  trom  the  observation  of  Remak,  that  the  bufl^  coat  of  the  blood 
js  out  unfrequently  made  up  of  them.  Thus  we  learn  that  in  Inflammation  there  is 
an  increased  energy  in  the  formative  processes,  as  manifested  not  only  in  the  aug- 
mented amount  of  hbrin,  but  in  the  unusual  tendency  to  reproduction  of  the  blood- 
corpuscles.  In  regard  to  the  origin  of  the  parent-cells,  Ur.  Barry  states  it  as  his 
opinion,  founded  upon  extensive  and  careful  observation,  that  they  are  nothing  else 
than  transformed  blood-corpuscles,  which  thus  multiply  one  another;  and  in  regard 
to  their  ultimate  purpose,  it  is  the  opinion  of  the  same  observer,  that  the  young  cell<! 
they  contain  may  enter  at  once  into  the  composition  of  newly-forming  tissues,  the 
history  of  the  first  development  of  which  is  given  by  him  with  great  minuteness. 
He  farther  considers  that  they  are  identical  with  the  exudation-corpuscles  previously 
mentioned.  Thus  they  are  the  parent-cells,  not  only  of  the  blooa-discs,  but  of  the 
cells  of  all  the  solid  tissues.  (Sec  Dr.  Barry's  Supplementary  Note  to  his  Third 
Series  of  Researches  on  the  Blood-Corpuscles,  in  the  Philosophical  Magazine  for 
Oct.  1841;  and  Remak  in  Medicinische  Zeitnng,  Juli,  1841,  and  Brit,  and  Foreign 
Medical  Review,  Jan.  1843.) 
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having  the  same  bearing,  has  been  ascertained  by  Remak.  He  foand  that, 
wlien  an  animal  is  bled  largely  and  repeatedly,  the  quantity  of  red  eor^ 
puscles  in  its  blood  is  greatly  diminished,  whilst  the  proportion  of  the 
colourless  corpuscles  is  increased;  now,  as  it  has  been  ascertained  by  An- 
dral's  investigations  that  the  quantity  of  fibrin  is  but  little  affected  by  bleed- 
ing, it  would  seem  that  the  white  rather  than  the  red  corpuscles  are  the 
agents  of  its  elaboration. 

Again,  there  appears  to  be  a  total  absence  in  the  blood  (?)  of  inyertebnted 
animals  of  any  red  corpuscles*  resembling  those  of  the  blood  of  Vertebrata; 
yet  in  this  fluid  the  elaboration  of  albumen  into  fibrin  must  be  taking  placet 
for  the  nutrition  of  the  tissues,  as  in  the  higher  animals.  It  is  true  that  their 
nutritious  fiuid  contains  globules;  but  these  globules  bear  a  much  stronger 
resemblance  to  the  corpuscles  of  the  chyle,  or  to  the  colourless  corpuscles 
of  the  blood,  than  they  do  to  the  red  corpuscles  of  the  Vertebrata.  So  well 
marked  is  this  resemblance,  that,  as  Wagnert  himself  has  suggested,  the 
circulating  fluid  of  the  Invertebrata  is  to  be  considered  as  rather  analogoos 
to  the  chyle  than  to  the  blood  of  vertebrated  animals, — a  doctrine  which 
appears  to  the  author  extremely  probable. 

These  two  objections  seem  of  themselves  sufficient,  in  the  absence  of 
any  affirmative  evidence,  to  overthrow  the  hypothesis  that  the  elaborttion 
of  fibrin  is  the  act  of  the  red  corpuscles.     But  there  is  another  class  of 
blood-particles,  to  which  increased  attention  has  recently  been  directed,  and 
in  regard  to  whose  function  the  very  same  evidence  with  that  just  produced 
weighs  strongly  in  the  affirmative.     These  are  the  colourless  corpuscles  or 
dym/^A-globules.     The  former  term  I  prefer,  as  expressing  their  distinctive 
appearance;  the  latter  involves  the  supposition  that  they  are  identical  with 
the  corpuscles  of  chyle  and  lymph,  which  cannot  be  regarded  as  yet  de- 
monstrated, though  it  appears  to  me  highly  probable.     There  is  a  remark- 
able uniformity  in  the  size  and  appearance  of  these  in  all  vertebrate  animals, 
notwithstanding  the  immense  difference  in  the  size  of  the  red  corpuscles. 
The  colourless  corpuscles  have  not  yet  been  observed  to  vary  much  from 
the  diameter  of  1 -3000th  of  an  inch;  whilst  the  red  corpuscles  varv  from 
less  than  I-12,000lh  (musk-deer)  to  l-337lh  (Proteus)  of  an  inch.    'More- 
over, in  very  young  embryos  of  Vertebrata  (as  I  learn  from  Mr.  Gulliver) 
the  white  globules  are  nearly  as  numerous  as  the  red  particles.     This  Mr. 
Gulliver  has  often  seen  in  festal  deer,  about  an  inch  and  a  half  long.    In  t 
still  smaller  foBtus  the  blood  was  pale  from  the  preponderance  of  the  white 
globules;  and  in  such  embryos  the  coloured  corpuscles  have  a  very  distinct 
pale  globular  nucleus.     It  is  therefore  a  fact  of  much  interest,  that,  even  in 
the  mammiferous  embryo,  at  the  period  when  growth  is  most  rapid,  the 
blood  has  a  strong  analogy  to  that  of  the  Invertebrata.   It  is  then,  too,  most 
analogous  to  chyle;  since  it  consists  of  the  fluid  elaborated  from  the  organi* 
zable  matter  supplied  by  the  parent,  and  directly  introduced  into  the  cur- 
rent of  the  circulation.     The  function  of  the  placenta  is  double;  for  it  is  at 
the  same  time  the  medium  of  introducing  into  the  circulating  fluid  of  the 
foetus  the  alimentary  materials  supplied  by  the  parent;  and  of  aerating  the 
fluid  which  has  traversed  the  foetal  system.     It  is  not  until  the  lungs  and 
digestive  apparatus  of  the  embryo  have  commenced  their  independent  ope- 
ration, that  the  distinction  between  its  blood  and  its  chyle  becomes  manifest 
We  should  expect  to  find  in  the  blood  of  the  foetus,  therefore,  up  to  the 

•  The  red-blooded  annelida  do  not  form  an  exception  to  this  rule.    The  colouring 
principle  of  their  circulating  fluid  exists  in  ilsplasma^  not  in  globules, 
t  Physiology,  translated  by  Willis,  p.  278,  ei.  seq. 
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time  of  birth,  a  large  proportion  of  white  corpuscles;  and  this  circumstance 
has  been  noticed  by  Dr.  Barry  (and  communicated  ta  me  by  him)  with  re- 
gard to  the  blood  of  the  umbilical  vessels  of  a  placenta  which  he  had  the 
opportunity  of  examining  very  shortly  after  its  expulsion.  The  fact  was 
regarded  by  Dr.  Barry  as  indicating  that  the  production  of  the  colourless 
corpuscles  of  the  blood  is  independent  of  the  chyle-globules;  but  I  am  dis« 
posed  to  interpret  it  in  exactly  the  opposite  manner;  since,  as  I  have  shown, 
the  placental  blood  has  considerable  analogy  to  the  circulating  fluid  of  the 
Invertebrata,  which  have  no  lacteals,  and  may  be  considered,  therefore,  as 
partly  representing  the  chyle  of  the  adult  vertebrated  animal.  The  colour- 
less corpuscles  are  the  kind  of  globules  most  universally  present  in  the 
circulating  fluid;  for  whilst  the  red  particles  are  confined  to  Vertebrata,  the 
former  are  found  in  the  circulating  fluid  of  all  animals,  even  where  there 
are  no  distinct  vessels. 

A  very  interesting  observation  has  recently  been  published  by  Mr.  Addi- 
son, (Prov.  Med.  and  Surg.  Journ.  Aug.  20,  1842,)  which  appears  to  the 
author  to  throw  great  light  on  the  much-disputed  question  of  the  digestive 
apparatus  of  the  polygastric  animalcules.  The  numerous  globular  particles 
generally  to  be  seen  in  their  transparent  bodies,  but  becoming  more  nume- 
rous and  distinct  when  the  animalcules  have  been  recently  feeding,  are  re- 
garded by  Ehreuberg  as  stomachs,  opening  out  of  an  intestinal  tube.  This 
account  of  them  has  been  objected  to  by  other  observers,  on  the  ground, 
that  these  particles  are  seen  to  undergo  a  regular  movement,  as  if  they  were 
floating  in  the  midst  of  a  fluid  611ing  the  general  interior  cavity  of  the  body, 
and  that  they  are  sometimes  discharged  through  the  anal  orifice.  Of  the 
validity  of  this  objection,  the  author's  own  observations  have  satisfied  him. 
It  18  stated  by  Mr.  Addison  that,  when  a  polygastric  animalcule  is  touched 
by  liquor  potassse,  its  body  bursts,  and  liberates  the  so-called  stomachs, 
which  are  evidently  destitute  of  any  structural  connection  with  it;  these 
corpuscles,  when  they  come  under  the  influence  of  the  same  reagent,  them- 
selves swell  and  burst,  discharging  a  number  of  minute  granules;  and  thus 
undergoing  precisely  the  same  change  as  that  which  is  effected  in  the  co- 
lourless corpuscles  of  the  blood  by  the  alkaline  fluid.  I  cannot  doubt  that 
these  particles  are  cells  which  float  in  the  fluid  of  the  ody,  and  elaborate 
the  materials  for  its  nutrition,  in  the  same  manner  as  do  those  of  the  chyle 
and  blood  of  higher  animals. 

The  presence  of  colourless  corpuscles,  sometimes  to  a  large  amount,  in 
the  blood  of  reptiles,  has  long  been  known;  since  their  rounded  form  nnd 
comparatively  small  size  enables  them  at  once  to  be  distinguished  from  the 
large  oval  nucleated  red  corpuscles  of  these  animals.  They  bear  so  strong 
a  resemblance  in  mammalia,  however,  to  the  red  corpuscles  of  the  blood, 
both  in  size  and  figure,  that  their  existence,  at  least  to  any  similar  amount, 
has  not  been  generally  recognized.  There  can  be  no  doubt,  however,  that 
they  perform  as  important  a  function  in  the  blood  of  Mammalia  as  in  that 
of  Reptiles;  and  several  facts  of  the  same  kind,  which  have  been  recently 
observed,  seem  to  indicate  the  nature  of  this  function  with  much  probability. 
It  has  been  (in  my  opinion  at  least)  satisfactorily  ascertained  by  the  obser- 
vations of  Mr.  Gulliver,  (Philos.  Mag.  Sept.  1838,)  and  others,  that  the 
usual  amount  of  colourless  corpuscles  in  the  blood  is  very  much  increased 
at  the  time  when  an  increase  of  fibrin  is  taking  place, — that  is,  in  the  inflam- 
matory condition;  and  according  to  the  observations  of  Remak,  Barry,  and 
Addison,  the  buflry  coat  usually  contains  a  large  number  of  them.  Their 
increase  appears  to  have  some  relation  with  the  local  inflammatory  change; 
for  they  are  particularly  abundant  in  the  blood  of  inflamed  parts,  as  noticed 
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by  Mr.  Addison  in  that  drawn  by  the  prick  of  a  needle  from  a  pimple,  the 
base  of  a  boil,  the  slffn  in  scarlaiina,  &c.;  and  they  may  be  seen  to  accu- 
mulate in  the  vessels  of  ih^  frog's  foot,  on  the  application  of  stimuli  to  the 
part.  A  corresponding  multiplication  of  the  colourless  corpuscles  takes 
place  in  several  other  instances,  in  which  the  formative  processes  are  pecu- 
liarly active,  and  in  which  the  demand  for  fibrin  must  therefore  be  greatly 
increased.  Thus  the  bufify  coat  of  the  blood  of  pregnant  women  contains  a 
very  large  number  of  them.  It  is  stated  by  Wagner,  (Op.  ciu  p.  245,)  that 
the  number  of  colourless  corpuscles  is  always  remarkably  great  in  the  blood 
of  well-fed  frogs  just  caught  in  the  summer  season;  and  that  it  is  very  small 
in  those  that  had  been  kept  long  without  food,  and  in  those  examined  during 
the  winter.  Their  large  proportion  in  the  embryo,  and  gradual  decrease  as 
the  formative  processes  become  less  active,  has  been  already  noticed. 

The  very  facts,  therefore,  which  tend  to  prove  that  the  red  corpuscles  do 
not  perform  the  elaboration  of  the  organizable  plasma,  are  equally  cogent  in 
favour  of  the  doctrine  that  this  function  is  to  be  attributed  to  the  white  or 
colourless  corpuscles;  and  this  view  is  borne  out  by  other  facts,  which  indi- 
cate that  there  is  a  decided  relation  between  the  colourless  corpuscles  and 
the  nutritive  or  organic  life  of  the  tissues;  and  a  corresponding  relation  be- 
tween the  red  corpuscles  and  their/unc/tono/  activity.     All  observers  who 
have  studied  the  capillary  circulation  with  attention,  agree  in  the  statement, 
that  there  is  a  marked  difiTerence  in  the  movements  of  the  two  classes  of 
corpuscles;  the  white  corpuscles  rolling  slowly  along  in  the  aljfnost  motion- 
less layer  of  plasma  which  lines  the  capillaries,  whilst  the  red  particles  are 
carried  briskly  onwards  in  the  centre  of  the  stream.     It  is  difficult  to  avoid 
the  inference  that  (to  use  the  words  of  Mr.  Wharton  Jones)  "there  is  some 
reciprocal  relation  between  the  colourless  corpuscles  and  the  parts  outside 
the  vessels,  in  the  process  of  nutrition/'     On  the  other  hand,  that  the 
presence  of  the  red  particles  has  an  important  influence  in  maintaininf 
the   excitability  of  organs,  especially  the  nervous  and  muscular  systems, 
has   long  ranked  as  a  physiological  truth;   and  it  is  fully  explained  on 
the  principles  which  Liebig  has  propounded,  with  reference  to  the  neces- 
sity for  oxygen  in  the  active  vital  operations  of  the  tissues,  and  the  share 
taken  by  the  red  corpuscles  in  carrying  it  through   the   system.     It  is 
unnecessary  to  do  more  than  state  here,  that  Liebig  regards  a  certain  dis- 
integration of  the  tissue  as  the  means  of  manifesting  its  vital  force,  or  pecu- 
liar properly;  for  this  disintegration,  the  presence  of  oxygen  is  requisite; 
and  the  oxygen  taken  in  at  the  lungs  is  carried  through  the  system  chiefly 
(but  not  entirely)  by  the  red  particles  of  the  blood  entering  into  a  chemical 
combination  with  their  protoxide  of  iron,  which  gives  place  in  the  systemic 
capillaries  to  another, — the  oxygen  being  there  set  free,  and  replaced  by 
carbonic  acid,  which  is  again  exchanged  for  oxygen  in  the  lungs.    That 
the  proportion  of  red  corpuscles  in  the  blood  bears  a  distinct  relation  to  the 
nervous  and  muscular  energy  of  the  animal,  and  to  the  amount  of  oxygen 
consumed  by  it,  has  long  ranked  as  a  physiological  fact.     An  exception 
might  be  pointed  out  in  regard  to  insects,  which  have  no  red  corpuscleSt 
and  yet  can  display  a  greater  amount  of  animal  energy,  and  may  consam® 
a  larger  quantity  of  oxygen  in  proportion  to  their  size,  than  beings  of  ftoy 
other  class  whatever.     But  here,  as  elsewhere,  exceptio  probat  regulM 
for  the  conveyance  of  oxygen  through  the  tissues  is  not  in  them  accom- 
plished by  the  circulating  fluid,  which  has  a  comparatively  sluggish  wovt' 
ment,  but  is  efl^ected  more  direcdy  by  the  ramifying  traches  which  inirO" 
duce  air  into  the  minutest  portions  of  the  structure.] — C. 
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580.  Besides  the  red  corpuscles  and  the  colourless  globules,  it  is  stated 
by  Mr.  Gulliver,*  that  the  blood  obtained  from  Mammals  after  death  not 
unfrequently  contains  an  abundance  of  white  matter,  generally  presenting 
the  form  of  spherules,  having  a  diameter  of  frofn  l-4000th  to  1- 1750th  of 
an  inch.  They  frequently  seem  to  have  a  semifluid  consistency,  especially 
in  the  blood  of  the  mesenteric  veins,  in  which  the  white  matter  is  found 
most  abundantly.  The  appearance  of  these  globules  is  probably  to  be 
attributed  to  pathological  changes,  and  especially  to  the  existence  of  tuber- 
cular disease;  a  large  proportion  of  the  granular  matter  of  caseous  tubercles 
consists  of  similar  corpuscles.-— The  milky  serum  which  sometimes  occurs 
when  patients  are  bled  not  long  after  a  meal,  and  which  is  seen  not  unfre- 
quently in  the  blood  drawn  from  young  animals,  is  usually  found,  by  the 
highest  powers  of  the  microscope,  to  present  the  granular  base,  which  has 
been  already  described  in  the  account  of  chyle  (§  563).  The  appearance 
seems  due,  however,  in  some  instances,  to  the  diffusion  of  oily  matter,  in 
a  less  finely  divided  state  than  usual,  through  the  fluid;  in  some  of  these 
cases,  a  very  large  amount  of  fat  has  been  shown,  by  chemical  analysis,  to 
exist  in  it. — The  only  visible  constituents  of  ordinary  blood  which  remain 
to  be  noticed,  are  the  corpuscles  of  the  Spleen  (§  708)  and  of  the  Supra- 
renal capsules  (§  711)  which  may  be  frequently  observed  in  the  Splenic 
and  Supra-renal  veins  respectively. — According  to  Schultz,  the  red  cor- 
puscles of  the  portal  vein  difler  from  those  of  the  rest  of  the  vascular  system 
in  their  tendency  to  decay;  their  colouring  matter  is  soluble  in  the  liquor 
sanguinis,  which  is  not  the  case  elsewhere;  and  they  seem  to  have  lost  a 
portion  of  their  contractility. 

581.  Having  now  separately  considered  the  chief  organic  elements  which 
enter  into  the  composition  of  the  Blood,  we  are  prepared  to  inquire  into  the 
characters  of  this  fluid  as  a  whole.  The  analysis  which  has  been  recently 
made  by  M.  Lecanut  is  usually  regarded  as  the  most  complete  and  satis- 
factory. The  following  is  his  account  of  the  composition  of  ihe  fluid 
obtained  from  two  stout  and  healthy  men. 

Water 

Fibrin 

Albumen 

Colouring  matter  (globules) 

Fatty  crystallizable  matter 

Oily  matter 

Extractive  matter  soluble  in  water 

Albumen  combined  with  soda 

Chloride  of  sodium 

— —potassium.         .         .  i^     ^  g.g^^  ^.3^4 

Carbonates   j 

Phosphates  >  of  potash  and  soda 

Sulphates    J 

Carbonates  of  lime  and  magnesia 

Phosphates  of  lime,  magnesia,  and  iron  ^     .         2*100  1.414 

Peroxide  of  iron  . 

Loss 2-400  2-586 


.  780-145 

785-590 

2100 

3-565 

.   65090 

69-415 

.  133-000 

119-626 

2.430 

4.300 

1-310 

2-270 

and  alcohol    1-790 

1-920 

.    . 

1-265 

2-010 

} 


100-000         100.000 


*  Gerber's  Anatomy,  Appendix,  p.  21. 

t  Joarnal  de  Pharmacie,  Nos.  ix.  and  x.,  1831. 
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Hence  it  is  seen  that  the  proportion  of  the  elements  of  Blood  is  subject  to 
considerable  variation  within  the  limits  of  ordinary  health;  we  shall  here- 
after tind  that,  in  disease,  these  variations  are  far  more  decided,  and  that 
they  have  a  constant  and  evident  connection  with  the  morbid  condition  of 
the  system.  The  amount  of  solid  matter  in  the  blood  appears  to  be  in 
general  greater  in  the  male  than  in  the  female.  The  following  table  ex- 
hibits the  general  results  of  the  inquiries  of  Denis  on  this  head:  it  repre- 
sents the  maximum  and  minimum  of  each  of  the  chief  constituents  of  the 
blood;  and  it  will  be  seen  that,  whilst  the  water  predominates  in  the  female, 
the  other  elements  (with  a  slight  exception  in  favour  of  the  albumen)  are 
in  largest  amount  in  the  male. 


Male. 

Female. 

Maximum.      |      Minimum. 

Maximum. 

Minimum. 

805 

732 

848 

753 

63 

48-5 

68 

50 

186 

110-5 

167 

71-4 

4 

2 

31 

2 

Water 
Albumen 
Globules 
Fibrin 


The  Specific  Gravity  of  course  varies  with  the  amount  of  solid  matter  con- 
tained in  it;  in  the  Human  subject,  the  average  is  probably  about  1050. 
The  estimate  formerly  given  (§  490)  of  the  proportional  amount  of  blood 
in  the  body  has  recently  been  confirmed  by  a  very  ingenious  experiment  of 
Valentines,  in  which  the  calculation  was  based  on  the  specific  gravity.     A 
certain  quantity  of  blood  was  taken  away  from  the  jugular  vein  of  an 
animal  of  known  weight;  and  a  known  measure  of  blood-warm  distilled 
water  was  slowly  injected,  by  the  orifice  of  the  vein,  towards  the  heart 
Some  minutes  afterwards,  another  portion  of  the  blood  was  withdrawn  and 
carefully  weighed.     The  two  quantities  were  then  evaporated  in  dry  aifi 
until  the  residue  no  longer  lost  weight;  and  the  whole  amount  of  the 
previously-contained  mass  of  blood  could  then  be  calculated,  by  a  simple 
mathematical  formula,  from  the  degree  of  attenuation  in  the  fluid,  produced 
by  the  injected  water.     This  was  found  to  be  between  one-third  and  one- 
fourth,  or  about  two-sevenths  of  the  whole  weight  of  the  body. 

582.    When  the  blood  is  drawn  from  the  body  and  left  to  itself,  lis 
organic  elements  speedily  undergo  a  new  arrangement.     The  fibrin  coagu- 
lates, and  separates  itself  from  the  fluid  in  which  it  was  previously  die- 
solved;  and  during  its  coagulation  it  attracts  the  red  particles;  these  are 
included  in  areolae  or  meshes  of  the  clot,  the  substance  of  which  has  t 
tendency  to  assume  a  fibrous  arrangement  (§  554);  and  they  usually  group 
themselves   together  in    columnar   masses,   resembling    piles   of  monef 
(Fig.  53,  b).     The  coagulum  or  clot  becomes  dense  in  proportion  to  the 
amount  of  the  fibrin   it  contains;  and   the  albuminous  and  saline  matter 
still   dissolved   in  the  water  are  separated   from  it,  constituting  what  is 
called  the  serum.     This  separation  will  not  occur,  however,  if  the  coagfl- 
lation  take  place  in  a  shallow  vessel;  nor  if  the  amount  of  fibrin  should  be 
small,  or  its  vitality  low.     A  homogeneous  mass,  deficient  in  firmnesfi 
presents  itself  under  such  circumstances;  though  the  solid  part  of  this  maf 
pass  into  a  state  of  more  complete  condensation  after  the  lapse  of  a  certain 
time.     That  the  coagulation  is  due  to  the  fibrin,  and  that  the  red  particle! 
are  merely  passive  in  the  process,  appears  from  several  considerations.    A 
microscopical  examination  of  the  clot  shows  that  it  has  the  same  texture 
with  fibrin  when  coagulating  by  itself;  the  globulof  clustering  together  in 
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the  interspaces,  and  not  being  nniformly  diffused  through  the  mass.  Their 
specific  gravity  being  greater  than  that  of  the  fibrin,  they  are  usually  most 
abundant  at  the  lower  part  of  the  clot;  and  the  .upper  surface  is  sometimes 
nearly  colourless,  especially  when  the  coagulation  has  taken  place  slowly; 
yet  this  upper  part  is  much  firmer  than  the  under,  showing  that  the  fibrin 
alone  is  the  consolidating  agent.  This  has  been  proved  to  demonstration 
by  an  experiment  of  MUller's.  He  placed  the  blood  of  a  Frog,  diluted  with 
water  (or  still  belter  with  a  very  thin  syrup)  on  a  paper  filter,  of  sufficiently 
fine  texture  to  keep  back  the  corpuscles  (§  574);  and  the  liquor  sanguinis, 
having  passed  through  the  filtercompletely  unmixed  with  globules,  presented 
a  distinct  coagulum,  although,  from  the  diluted  state  of  the  fluid,  this  did 
not  possess  much  consistency.  Owing  to  the  more  minute  size  of  the  blood- 
discs  of  warm-blooded  animals,  this  experiment  cannot  be  performed  with 
their  blood;  but  there  is  no  reason  to  believe  its  constitution  to  be  dififerent. 
In  fact,  the  sole  agency  of  the  fibrin  in  coagulation  is  very  easily  proved  in 
another  way.  If  fresh-drawn  blood  be  continually  stirred  with  a  stick,  the 
fibrin  will  adhere  to  it  in  strings  during  its  coagulation;  and  the  red  parti- 
cles will  be  left  suspended  in  the  serum,  without  the  slightest  tendency  to 
coagulate.  Moreover,  if  a  solution  of  any  salt  that*  has  the  property  of 
retarding  the  coagulation  (such  as  carbonate  of  potash  or  sulphate  of  soda) 
be  added  to  the  blood,  the  corpuscles  will  have  time  to  sink  to  the  lower 
stratum  of  the  fluid  before  the  clot  is  formed;  the  greater  part  of  the  coagu- 
lum is  then  entirely  colourless,  and  is  found  by  the  microscope  to  contain 
few  or  no  red  particles. 

583.  That  the  coagulation  of  the  Fibrin  is  not,  as  some  have  supposed, 
a  proof  of  the  death  of  the  blood,  but  is  rather  an  act  of  vitality,  appears 
evident  from  what  has  been  already  stated  (§  554)  of  the  incipient  organiza- 
tion which  may  be  detected  even  in  an  ordinary  clot;  and  still  more  from 
the  fact  that,  if  the  eflTusion  of  fibrin  take  place  upon  a  living  surface,  its 
coagulation  is  the  first  act  of  its' conversion  into  solid  tissues  possessing  a 
high  degree  of  vitality.  It  is  absurd  to  suppose  that  the  blood  dies,  in 
order  to  assume  a  higher  form.  When  withdrawn  from  the  body,  however, 
the  coagulation  of  the  blood  is  the  last  act  of  its  life;  for,  if  not  within  the 
influence  of  a  living  surface,  it  soon  passes  into  decomposition.  Instances 
occasionally  present  themselves  in  which  the  blood  does  not  coagulate  after 
death;  and  in  most  of  these  there  has  been  some  sudden  and  violent  shock 
to  the  nervous  system,  which  has  destroyed  the  vitality  of  solids  and  fluids 
alike.  This  is  generally  the  case  in  men  and  animals  killed  by  lightning  or 
by  strong  electric  shocks;  and  in  those  poisoned  by  prussic  acid,  or  whose 
life  has  been  destroyed  by  a  blow  on  the  epigastrium.  It  has  also  been  ob- 
served in  some  instances  of  rupture  of  the  heart  or  of  a  large  aneurism  near 
it;  and  a  very  interesting  phenomenon  then  not  unfrequently  presents  itself,—- 
the  coagulation  of  the  blood  which  has  been  eflused  into  the  pericardium 
^the  eflTusion  having  taken  place  during  the  last  moments  of  life),  whilst 
that  in  the  vessels  has  remained  fluid.  In  several  instances  in  which  the 
blood  has  been  found  uncoagulated  in  the  vessels,  many  hours  after  death, 
a  portion  withdrawn  from  the  body  has  clotted;  this  would  seem  to  indicate 
that  there  is  some  absolutely  depressing  influence  exercised  by  the  surround- 
ing tissues  under  such  circumstances, — an  influence  of  which  manifest  evi- 
dence is  aflTorded  by  the  sudden  destruction  of  the  muscular  contractility,  the 
arrestment  of  the  capillary  circulation,  and  other  phenomena  of  like  nature. 
It  appears,  however,  that  simple  arrestment  of  nervous  influence  favours 
the  coagolation  of  the  blood  in  the  vessels;  clots  being  found  in  their  trunks 
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within  a  few  minutes  after  the  brain  and  spinal  marrow  have  been  broken 
down. 

584.  The  length  of  time  which  elapses  before  coagulation,  and  the  de- 
gree in  which  the  clot  solidifies,  vary  considerably;  in  general,  they  are  in 
the  inverse  proportion  to  each  other.     Thus,  if  a  large  quantity  of  blood  be 
withdrawn  from  the  vessels  of  an  animal  at  the  same  time,  or  within  short 
intervals,  the  portions  that  last  flow  coagulate  much   more  rapidly,  but 
much  less  firmly,  than  those  first  obtained.     In  blood  drawn  during  inflam- 
matory states,  again,  the  coagulation  is  usually  slow,  but  the  clot  is  pre- 
ternaturally  firm,  especially  at  its  upper  parts,  where  the  huffy  coat  (§  588) 
or  colourless  stratum  of  fibrin  gradually  contracts,  and  produces  the  cup 
which  is  usually  regarded  as  indicative  of  a  high  degree  of  inflammation. 
Except  under  the  peculiar  circumstances  just  stated,  the  blood  withdrawn 
from  the  body  always  coagulates,*  whether  it  be  kept  at  rest  or  in  motion, 
whether  its  temperature  be  high  or  low,  and  whether  it  be  excluded  from  the 
air  or  admitted  to  free  contact  with  the  atmosphere.   The  coagulation  may  be 
accelerated  or  retarded,  however,  by  variation  in  these  conditions.     Thus, 
if  the  blood  be  continually  agitated  in  a  bottle,  its  coagulation  is  delayed, 
though  it  will  at  lasf  take  place  in  shreds  or  insulated  portions;  but  that  rest 
is  not  the  cause  of  its  coagulation  (as  some  have  supposed),  is  proved  by 
the  fact  that,  if  a  portion  of  blood  be  included  between  two  ligatures  in  i 
living  vessel,  it  will  remain  fluid  for  a  long  time.     Again,  the  coagulation  ii 
accelerated  by  moderate  heat,  and  retarded  by  cold;  but  it  is  not  prevented 
even  by  extreme  cold,  for,  if  blood  be  frozen  immediately  that  it  is  drawn, 
it  will  coagulate  on  being  thawed.     Moreover  it  is  accelerated  by  exposure 
to  air,  but  it  is  not  prevented  by  complete  exclusion  from  it,  as  is  proved  by 
its  taking  place  in  vacuo,  or  in  a  shut  sac  within  the  dead  body:  complete 
exclusion  from  the  air,  however,  retards  the  change;  as  has  been  shown  bj 
causing  the  blood  to  flow  into  a  vessel  containing  oil,  which  will  form  an 
impervious  coating  on  its  surface,  and  will  occasion  the  coagulation  to  take 
place  so  slowly,  that  the  red  particles  have  time  to  subside,  and  the  upper 
stratum  of  the  clot  is  colourless.f     An  extrication  of  carbonic  acid  usuallf 
takes  place  to  a  slight  degree  during  coagulation;  but  this  is  not  a  constant 
occurrence;  and  the  process  is  not  prevented  even  by  agitating  carbonic 
acid  with  the  blood. 

585.  The  proportions  of  Serum  and  Clot  which  present  themselves  afler 
coagulation  are  liable  to  great  variation,  independently  of  the  amount  of  the 
several  ingredients  characteristic  of  each;  for  the  coagulum  may  include 
not  only  the  fibrin  and  red  particles,  but  also  a  large  proportion  of  the 
serum,  entangled  as  it  were  in  its  substance.     This  is  particularly  the  cise 
when  the  coagulation  is  rapid;  and  the  clot  then  expels  little  or  none  of  it 
by  subsequent  contraction.     On  the  other  hand,  if  the  coagulation  be  slow, 
the  particles  of  fibrin  seem  to  become  more  completely  aggrregated,  the 
coagulum  is  denser  at  first,  and  its  density  is  greatly  increased  by  subse- 
quent contraction.     When  a  firm  fresh  clot  is  removed  from  the  fluid  in 
which  it  is  immersed,  its  concretion  is  found  to  continue  for  24  or  even  48 
hours,  serum  being  squeezed  out  in  drops  upon  its  surface;  and  in  ordtf* 
therefore,  to  form  a  proper  estimate  of  the  relative  proportions  of  ciasst* 
mentum  and  serum,  the  former  should  be  cut  into  slices,  and  laid  upoB 
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*  Some  diseases  may  perhaps  be  an  exception;  non-coagulation  of  the  blood  is  said 
to  be  characteristic  of  Scurvy,  but  this  is  erroneous.  In  very  severe  forms  of  Typbo^ 
the  same  has  been  stated  to  occur. 
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bibulous  paper,  that  the  latter  may  be  pressed  from  it  as  completely  as 
possible.  According  to  the  experiments  of  Mr.  Thackrah,  coagulation 
takes  place  sooner  in  metallic  vessels  than  in  those  of  glass  or  earthenware, 
and  the  quantity  of  serum  separated  is  much  less;  in  one  instance,  the 
proportion  of  serum  to  clot  was  as  10  to  24^,  when  the  blood  coagulated 
in  a  glass  vessel;  whilst  a  portion  of  the  same  blood  coagulating  in  a 
pewter  vessel  gave  only  10  of  serum  to  175  of  clot.  The  specific  gravity 
of  blood  is  no  measure  of  its  coagulating  power;  for  a  high  specific  gravity 
may  be  due  to  an  excess  in  the  amount  of  globules,  which  form  the  heaviest 
part  of  the  blood;  and  may  be  accompanied  by  a  diminution  in  the  quan- 
tity of  fibrin,  which  is  the  coagulating  element. 

586.  The  Serum,  when  completely  separated  from  the  crassamentum, 
may  be  said  to  contain  all  the  Albumen  and  saline  matter  of  the  blood, 
together  with  a  portion  of  the  fatty  matter  (of  which  some  adheres  to  the 
fibrin),  and  those  **  ill  defined  animal  principles"  which  are  included  under 
the  designation  **  extractive  matter."  Its  specific  gravity  may  be  stated  at 
about  1030  in  health;  and  it  contains  about  di  per  cent,  of  solid  matter. 
When  it  is  heated  to  160°,  its  albumen  coagulates,  and  the  remaining  fluid 
may  be  separated  by  pressure.  This  fluid  still  contsfins  some  albumen, 
which  is  held  in  solution  by  free  alkali;  for  if  the  latter  be  neutralized  by 
acetic  acid,  a  further  precipitation  takes  place  on  the  application  of  heat. 
The  fatty  matter,  which  may  be  separated  by  ether,  seems  to  be  nearly 
allied  to  the  several  fatty  substances  formed  in  the  body;  for  some  chemists 
have  determined  it  to  consist  of  oleine,  margarine,  and  stearine,  the  con- 
stituents of  ordinary  fat;  whilst  others  regard  it  as  analogous  to  cerebrine,  the 
fatty  matter  of  the  brain;  and  others,  again,  consider  it  to  bear  a  closer 
resemblance  to  cholesterine,  the  fatty  matter  of  the  bile.  The  extractive 
matter  partly  consists  of  lactic  acid,  partly  of  a  substance  called  osmazome; 
it  is  believed  by  Berzelius  that  this  portion  of  the  blood  contains  the 
resultants  of  the  acts  of  decomposition  continually  taking  place  in  the  body; 
and  that  it  is  chiefly,  therefore,  from  this  that  the  excretions  are  formed. 

687.  It  cannot  be  doubted  that,  upon  the  due  admixture  in  the  Blood  of 
all  these  elements,  the  regular  performance  of  its  actions  is  dependent.  In 
regard  to  its  physical  properties  merely,  it  is  easily  shown  that  a  slight 
alteration  may  produce  the  most  injurious  consequences;  for  a  certain 
degree  of  viscidity  has  been  found  (by  the  experiments  of  Poisseuille)  to 
favour  the  passage  of  fluid  through  capillary  tubes;  and  thus,  if  the  viscidity 
of  the  blood  be  diminished  by  a  loss  of  part  of  its  Fibrin,  stagnation  of  the 
current,  and  extravasation  of  a  portion  of  the  contents  of  the  vessels,  will 
be  the  result.  This  has  been  fully  proved  by  the  numerous  experiments 
of  Magendie,  and  the  fact  is  one  of  very  important  pathological  applica- 
tions ($  593).  In  regard  to  the  eflect  of  alterations  in  the  amount  of  the 
Red  Particles,  our  information  is  less  satisfactory,  since  it  is  almost  impos- 
sible to  deprive  blood  of  these,  without  at  the  same  time  defibrinizing  it. 
It  appears,  however,  from  the  experiments  of  Diefienbach  on  transfusion, 
that  they  are  more  eflectual  as  stimuli  to  the  heart*s  action,  than  is  any 
other  constituent  of  the  blood;  and,  if  the  hypothetical  account  of  their 
use  already  offered  (§  578)  have  any  correctness,  they  must  be  important 
agents  in  the  maintenance  of  the  capillary  circulation  also.  The  rapidity 
with  which  they  may  be  decomposed  and  reconstituted,  is  made  remarkably 
evident  by  the  experiments  of  Magendie;  who  found  that,  when  the  blood 
of  one  animal  was  injected  into  the  veins  of  another  having  discs  of  very 
diflTerent  size  and  form  (care  being  taken  to  prevent  the  coagulation  of  the 
fibrin  during  the  operation),  the  original  red  particles  soon  disappeared, 
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and  were  replaced  by  those  characteristic  of  the  species  in  whose  yeins  the 
fluid  was  circulating.  The  Albumen  of  the  blood  seems  to  be  of  import- 
ance chiefly  as  being  the  material  from  which  Fibrin  is  elaborated.  It  is 
at  present  uncertain  how  far  it  is  deposited  in  the  tissues  without  under- 
going that  alteration;  for  the  results  of  the  Chemical  Analysis  of  these 
leave  it  quite  uncertain  whether  the  element  usually  designated  as  coagu- 
lated albumen,  is  not  in  reality  fibrin,  and  even  if  the  former  should  exist 
in  the  semi-organic  deposits  which  enter  into  the  composition  of  some  of 
the  animal  solids,  the  latter  is  probably  the  ingredient  at  the  expense  of 
which  all  the  fully-organized  structures  are  formed,  and  not  muscular  fibre 
alone,  as  was  once  supposed.  The  continual  drain  upon  the  Fibrin,  which 
.is  taking  place  in  the  capillaries  of  the  system,  is  made  evident  by  the 
remarkable  fact  that  arterial  blood  contains  a  much  larger  proportion  of  it 
than  venous,»*the  excess  being  usually  about  one-fifth. 

588.  The  crassamentum  not  unfrequently  exhibits,  in  certain  disordered 
conditions  of  the  blood,  a  layer  of  fibrin  nearly  free  from  colour;  and  this  is 
known  as  the  huffy  coat.  The  presence  of  this  has  been  frequently  regarded 
as  a  sign  of  the  existence  of  inflammation,  occasioning  an  undue  predomi- 
nance of  fibrin;  but  this  idea  is  far  from  being  correct,  since,  as  will  pre- 
sently appear  (§  589),  it  may  result  from  a  very  opposite  condition  of  the 
blood.     A  similar  colourless  layer  of  fibrin  is  always  observable,  when  the 
coagulation  of  the  blood  is  retarded  by  the  addition  of  agents  that  have  the 
power  of  delaying  it  (§  582;)  and  since,  in  inflammatory  states  of  the  sys- 
tem, the  blood  is  generally  long  in  coagulating,  it  has  been  supposed  thit 
the  separation  of  the  red  particles  is  due  to  this  cause  alone.     Dr.  Alison,* 
however,  maintains  that  there  must  be  an  absolute  tendency  to  separatioB 
between  the  two  components  of  the  clot,  in  order  to  account  for  the  pheno- 
mena sometimes  presented  by  it;  and  he  adduces  the  two  following  reasons 
in  support  of  this  view.     "  1.  The  formation  of  the  bufiy  coat,  though  no 
doubt  favoured  or  rendered  more  complete  by  slow  coagulation,  is  oftes 
observed  in  cases  where  the  coagulation  is  more  rapid  than  usual;  sind  the 
colouring  matter  is  usually  observed  to  retire  from  the  surface  of  the  fluid 
in  such  cases,  before  any  coagulation  has  commenced.     2.  The  separatioB 
of  the  fibrin  from  the  colouring  matter  in  such  cases,  takes  place  in  films  of 
blood  so  thin  as  not  to  admit  of  a  stratum  of  the  one  being  laid  above  the 
other;  they  separate  from  each  other  laterally,  and  the  films  acquire  a 
speckled  or  mottled  appearance,  equally  characteristic  of  the  state  of  the 
blood  with  the  buflfy  coat  itself."     Whether  this  tendency  is  due  to  an 
increased  attraction  among  the  particles  of  each,  or  to  a  peculiar  repulsion 
between  the  two,  is  doubtful;  the  former,  however,  would  seem  the  moat 
probable,  since  it  is  in  the  case  of  buffy  blood  that  the  firmest  concretion  of 
the  clot,  owing  to  the  tenacity  and  slow  coagulation  of  its  fibrinous  elementi 
is  observed. 

I  That  the  formation  of  the  hvffy  coat  is  due  to  an  increased  attraction  of 
the  red  corpuscles  for  each  other,  would  seem  to  be  proved  by  the  obse^ 
yations  of  Professors  Nasse,  Wagner,  Henle,  and  Mr.  Wharton  Jones.  Oo 
examining  a  drop  of  newly  drawn  healthy  blood  under  the  microscope,  you 
will  observe,  if  the  blood  be  spread  out  on  a  thin  plate  of  glass,  that  thec<^ 
puscles  are  uniformly  difiused  through  the  liquor  sanguinis.  In  the  course 
of  half  a  minute  there  is  a  tendency  to  aggregation  exhibited;  the  corpusclei 
approach  one  another,  overlap,  and  become  applied  side  by  side,  aad  the 
columnar  arrangement  (fig.  53)  occurs.     The  intervening  spaces  contain 

*  Oatlines  of  Physiology,  Srd  edit  p.  83. 
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only  liquor  sanguinis,  with  an  occasional  red  or  colourless  corpuscle. 
The  white  and  red  corpuscles  remain  perfectly  distinct,  not  the  slightest 
attraction  being  exhibited  between  them.  After  one  or  two  minutes  a 
heaving  among  the  rolls  takes  place  by  which  they  are  broken,  and  the 
corpuscles  become  more  or  less  detached.  This  natural  appearance  is 
seen  only  when  the  drop  of  blood  is  thinly  spread  out.  If  a  coagulated 
drop  be  examined,  the  rolls  of  red  corpuscles  are  disposed  so  as  to  form  a 
sponge-work,  the  liquor  sanguinis  being  contained  in  the  interstices.  Were 
the  nature  of  the  force  which  effects  this  mutual  approach  and  aggregation 
of  the  corpuscles,  solely  a  mere  repulsion  between  the  liquor  sanguinis  and 
red  corpuscles,  similar  to  that  which  exists  between  oily  fluids  and  moist 
substances,  would  not  the  aggregation  of  the  corpuscles  be  irregular,  instead 
of  the  definite  arrangement  which  invariably  is  seen,  and  would  any  sub- 
sequent separation  and  dispersion  of  the  blood  discs  occur?  Is  there  not 
besides  this  want  of  attraction  between  the  red  corpuscles  and  the  liquor 
sanguinis,  a  special  attraction  of  the  former  for  one  another,— an  exaggera- 
tion in  the  natural  disposition  of  the  red  corpuscles  to  run  together?  We 
have  then  in  that  state  of  the  blood  which  gives  rise  to  the  buflfy  coat,  be- 
sides a  relatively  greater  amount  of  liquor  sanguinis,  with  its  increased  pro- 
portion of  fibrin,  &c.,  a  notable  diminution  in  the  red  corpuscles,*  which 
are  thinner,  more  pliable,  and  frequently  viscid  on  the  surface,  and  evince 
an  exaltation  in  their  normal  tendency  to  aggregate  in  rolls.  A  sponge-work 
is  ultimately  formed,  which,  squeezing  out  the  liquor  sanguinis  from  among 
tlie  corpuscles,  permits  the  greater  specific  gravity  of  the  blood  discs  to  ope- 
rate, whereby  the  liquor  sanguinis  collects  on  the  surface,  and,  coagulating, 
forms  the  huffy  coat.  By  a  practical  knowledge  of  this  process,  and  by 
bearing  in  mind  the  mottled,  speckled  appearance  described  above  of  a  thin 
film  of  blood,  in  which  the  huffy  coat  is  to  form,  the  microscopic  examina- 
tion of  a  single  drop  of  blood,  drawn  from  the  finger,  will  afford  us  all  the 
information  that  we  may  require  on  the  state  of  the  blood.-~-See  Wharton 
Jones's  Observations  on  the  Blood.  Brit.  &  For.  Med.  Rev.,  Vol.  xiv.«- 
M.  C.j 

589.  l^e  essential  condition  of  the  formation  of  the  buffy  coat  is  an 
increase  in  the  quantity  of  fibrin  in  proportion  to  the  globules,  and  not  a 
simple  increase  of  fibrin.  When  the  blood  contains  an  excessive  quantity 
of  fibrin,  it  coagulates  slowly;  thus  the  blood  of  a  patient  labouring  under 
rheumatism  coagulates  more  slowly  than  that  of  one  affected  with  typhoid 
fever.  The  increase  may  occur  in  two  ways; — either  by  an  absolute  in- 
crease in  the  fibrin,  the  amount  of  the  globules  remaining  unchanged,  or 
not  being  augmented  in  the  same  proportion;— or  by  a  diminution  of  the 
globules,  the  quantity  of  fibrin  remaining  the  same,  or  not  diminishing  in 
the  same  proportion.  Hence  in  severe  chlorosis,  in  which  the  latter  con- 
dition is  strongly  developed,  the  buffy  coat  may  be  as  well  marked  as  in 
the  severest  inflammation.  Unless  the  composition  of  the  blood  be  altered 
in  one  of  these  two  ways,  it  is  stated  by  Andral  that  the  buffy  coat  is  never 
formed;  the  influence  of  circumstances  which  favour  it  being  not  sufllicient 
to  produce  it  when  acting  alone.     The  absence  of  these  circumstances  may 

{*  That  there  15  an  increase  in  the  number  of  the  coloarless  corpascles  in  buffed 
blood  cannot  be  denied,  bat  that  it  takes  place  to  any  great  amount  seems  doubtful: 
and  the  supposition  of  Mr.  Addison  and  Dr.  Barry,  that  their  rising  to  the  top,  ana 
subsequent  coalescence  forms  the  buffy  coat,  is  entirely  inaccurate.  An  examination 
of  the  coagulated  fibrin  of  the  buffyr  coat  under  the  microscope,  shows  the  lymph- 
globules  interspersed  through  the  fibres  and  granules  of  the  solidified  fibrin  as 
ttoeleaced  corpuscles.— M.  C.)  ' 
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prevent  it,  however,  when  it  would  otherwise  have  been  formed;  thus, 
when  the  blood  flows  slowly,  the  bufi*  is  not  properly  produced,  because 
the  slow  discharge  gives  one  portion  time  to  coagulate  before  another,  and 
only  the  blood  last  drawn  furnishes  the  fibrin  at  the  upper  part  of  the  vesseL 
Again,  in  a  deep  narrow  vessel,  the  bufi*  will  form  much  more  decidedly 
than  in  a  broad  shallow  one;  because  the  thickness  of  the  fibrinous  crust 
will  be  greater.  If  the  blood  be  agitated  during  its  coagulation,  the  globules 
are  mixed  up  with  the  fibrin;  and  the  crust  is  imperfect  and  soft.  The 
process  of  the  formation  of  the  bufiy  coat  may  be  best  studied  by  treating 
ordinary  blood  with  some  of  those  agents  which  retard  its  coagulation.  Of 
these,  Uie  sulphate  of  soda  is  stated  by  Andral  to  be  the  best,  producing  no 
alteration  in  the  character  of  the  elements,  but  simply  delaying  their  change 
of  state;  and  the  following  is  his  account  of  the  appearanees  observed. 
After  a  few  minutes  the  blood  separates  into  two  parts;  the  lower  one  con- 
tains the  globules  collected  together  into  a  soft  mass;  the  upper  one  is  at 
first  transparent  and  resembles  serum,  but  soon  becomes  opaque.  At  this 
period,  a  number  of  globular  white  corpuscles  may  be  seen  in  it  with  the 
microscope;  and  these  form  the  first  degree  of  solidification  of  the  fibrin. 
After  48  hours,  the  fluid  contains  numerous  flocci  like  spider-webs,  which 
flocci  are  found  to  be  composed  of  globular  corpuscles  beginning  to  coalesce; 
this  is  the  second  stage  of  solidification.  After  96  hours,  the  fluid  recovers 
its  transparency  and  contains  no  trace  of  separate  corpuscles;  but  the  flocci 
are  more  numerous,  more  firm,  and  constitute  an  irregular  web,  composed 
of  fibres  arranged  in  various  directions.  Where  the  web  is  thickest,  several 
reticulated  layers  may  be  seen,  the  one  placed  over  the  other;  and  in  the 
midst  of  the  distinct  fibres,  several  strings  of  corpuscles  still  retaining  their 
globular  character,  aVe  perceived.  This  state  of  organization  is  intermediate 
between  that  in  which  the  corpuscles  are  altogether  separate,  and  that  ia 
which  a  firm  coagulation  of  the  fibrin  takes  place;  and  it  may  be  seen  to  be 
that  through  which  the  bufiy  coat  passes  in  the  progress  of  its  formation. 

Pathological  Changes  in  the  Blood, 

590.  From  the  part  which  the  Blood  performs  in  the  ordinary  processes 
of  Nutrition,  it  cannot  be  doubted  that  it  undergoes  important  alterations 
when  these  processes  take  place  in  an  abnormal  manner.  These  alterations 
must  be  sometimes  the  causes,  and  sometimes  the  efl*ects,  of  the  morbid 
phenomena  which  constitute  what  we  term  the  disease.  Thus,  when 
some  local  cause,  afiecting  the  solid  tissues  of  a  certain  part  of  the  bodji 
produces  inflammation  in  them,  their  normal  relation  to  the  blood  is  altered; 
the  consequence  is,  that  the  blood,  in  passing  through  them,  undergoes  s 
difierent  set  of  changes  from  those  for  which  it  is  originally  adapted;  and 
thus  its  own  character  undergoes  change,  which  soon  becomes  evident 
throughout  the  whole  mass  of  the  circulating  fluid,  and  is,  in  its  turn,  the 
cause  of  morbid  phenomena  in  remote  parts  of  the  system.  On  the  other 
hand,  the  strong  analogy  between  many  constitutional  diseases,  and  the 
effects  of  poisonous  agents  introduced  into  the  blood,  appears  clearly  to 
point  to  the  inference,  that  these  diseases  are  due  to  the  action  of  soms 
morbific  matter,  which  has  been  directly  introduced  into  the  current  of  the 
circulating  fluid,  and  which  has  affected  both  its  physical  and  its  vital  pro- 
perties.*   Here,  then,  is  a  wide  field  for  investigation,  of  which  the  surface 

♦  This  doctrine  has  been  recently  brought  prominently  forwards  in  a  Paper  on 
Symmetrical  Diseases,  read  by  Dr.  William  Budd  before  the  Medico-Chirargicai 
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can  scarcely  be  said  to  be  yet  broken  up,  and  which  must  yield  an  abundant 
harvest  to  those  who  shall  cultivate  it  with  intelligence  and  zeal.  The  only 
connected  reseaches  which  have  been  yet  made,  on  the  changes  which  the 
blood  undergoes  in  disease,  are  those  of  MM.  Andral  and  Gavarret;*  and 
these  are  confined  to  the  alterations  which  take  place  in  the  proportions  of 
the  organic  elements  of  the  fluid.  It  is  of  course  necessary  to  determine, 
in  the  first  instance,  what  are  the  usual  or  normal  proportions;  and  the  fol- 
lowing is  estimated  by  them,  from  numerous  analyses,  as  the  ordinary 
quantityt  of  each  element  in  1000  parts  of  healthy  blood.  The  proportion 
of  fibrin  may  probably  vary, 

Fibrin 3 

Globules 127 

Solid  matter  of  serum 80 

Water 790 

within  the  limits  of  health,  from  2$  to  3i  parts  in  a  thousand. 

591.  The  inquiries  which  have  been  made  by  Andral,  in  regard  to  the 
alterations  which  these  proportions  undergo  in  various  states  of  disease, 
have  already  led  to  results  of  great  interest  and  value:  and  there  can  be  no 
doubt  that  these  will  be  greatly  extended,  when  this  simple  analytical  pro- 
cess shall  have  been  more  generally  employed.  As  an  instance  of  the  erro- 
neous conclusions  into  which  we  may  be  led,  by  merely  attending  to  the 
size  of  the  crassamentum,  it  may  be  remarked  that  the  existence  of  a  large 
clot  does  not  by  any  means  necessarily  imply  the  presence  of  an  increased 
amount  of  fibrin;  since  it  may  depend  upon  the  retention  within  it  of  a  large 
proportion  of  serum,  consequent  upon  the  deficient  contractile  power  of  the 

Society,  Dec.  16, 1841.  The  Author  ingenioasly  proves  that  the  symmetry  of  many 
diseases  (such  as  certain  forms  of  cataneous  erupdons,  rheumatism,  &c.)  which  do 
not  immediately  depend  upon  external  causes,  necessarily  involves  the  idea  of  the 
conveyance  of  the  morbific  agent  in  the  circulating  flaid;  the  palsy  produced  by  lead 
i^  a  very  interesting  example,  in  which  the  agent  is  known  to  he  mingled  wuh  the 
blood,  and  to  be  deposited  in  the  parts  affected,  which  are  generally,  it  not  always, 
symmetrical. 

*  An  account  of  these  inquiries  will  be  found  in  the  Provincial  Medical  and  Sur- 
gical Journal  for  May,  Jane,  and  July,  1841;  in  the  Annales  des  Sciences  Natu- 
relles,  Dec.  1840,  and  March  1841*,  in  the  Ann.  de  Chimie,  {and  in  the  Medical 
Examiner,  Vol.  ni.} 

t  The  analysis  of  the  Blood  with  reference  to  the  quantity  of  the  chief  proximate 
elements  which  it  may  contain,  is  very  easily  accompUshed;  and  as  the  determination 
of  this  is  the  point  of  most  practical  importance,  the  method  adopted  in  the  inquiries 
of  Af  M.  Andral  and  Gavarret  will  be  here  detailed.  The  blood  is  caused  to  flow  into 
two  different  vessels;  into  one  vessel,  the  first  and  last  quarters  of  the  blood  are 
received;  and  into  the  other,  the  second  and  third  quarters:  in  this  manner,  the  simila- 
rity of  the  two  quantities  is  secured  as  far  as  possible.  The  blood  in  one  vessel  is 
allowed  to  coagulate  spontaneously;  that  in  the  other  is  beaten  with  a  small  rod,  in 
order  to  separate  the  fibrin.  When  the  first  portion  has  completely  coagulated,  the 
serum  is  carefully  separated  from  the  crassamentum;  and  there  are  then  dried  and 
weighed,— 1.  The  fibrin  obtained  by  the  rod;— 2.  The  whole  crassamentum; — 3.  The 
serum.  The  weight  of  the  separated  fibrin  gives  us  the  quantity  of  it  contained  in 
the  clot.  The  weight  of  the  serum  after  complete  desiccation  gives  us  the  propor- 
tional quantity  of  solid  matter  contained  in  its  water.  The  quantity  of  water  driven 
off  from  th6  clot  in  drying,  gives  us  the  amount  of  serum  it  contained;  from  which 
may  be  estimated  the  proportion  of  the  solid  matter  of  the  serum  that  the  crassamentum 
contained.  Hence,  by  deducting  from  the  weight  of  the  whole  dried  clot,  first,  that 
of  the  fibrin  separated  by  agitation,  and  then  that  of  the  solid  elements  of  the  serum, 
ascertained  by  calculation,  we  obtain  the  weight  of  the  globules.  In  order  to  ascer- 
tain the  whole  amount  of  solid  matter  in  the  serum,  that  which  was  ascertained  by 
calculation  to  exist  in  the  fibrin  is  added  to  that  which  was  obtained  from  the  separate 
serum.  The  proportion  of  organic  and  of  inorganic  matter  in  this  solid  residuum 
is  ascertained  by  incinerating  it  in  a  crucible;  by  which  the  whole  of  the  former 
will  be  driven  oiST,  and  the  latter  will  be  left. 
55 
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clot  that  resnlts  from  a  diminution  in  the  proportion  of  fibrin.  When  the 
clot  is  dense  and  contains  but  little  serum,  it  may  be  judged  to  contain  a  full 
proportion  of  fibrin,  even  though  it  may  itself  be  small.  Before  entering 
upon  the  consideration  of  the  alterations  in  the  blood  which  are  effected  by 
particular  morbid  states,  Andral  notices  two  extraneous  causes,  usually 
operating  in  disease,  which  may  affect  the  result.  These  are,  abstinence 
from  food,  and  loss  of  blood  by  venesection.  It  has  been  commonly  stated 
that  they  have  a  tendency  to  diminish  the  proportion  of  all  the  solid  elements 
of  the  blood;  but  this  is  not  the  case;  for  they  seem  especially  to  act  upon  the 
globules,  the  quantity  of  fibrin  remaining  nearly  the  same, — ^unless  the 
hemorrhage  have  been  very  severe,  in  which  case  the  fibrin  and  the  solid 
matter  of  the  serum  are  also  reduced  in  amount  The  extreme  variations  of 
each  ingredient  noticed  by  Andral  were, — fibrin,  from  0*9  to  10*0  in  every 
1000  parts  of  blood;  the  globules,  from  21  to  185;  the  solid  parts  of  the 
serum,  from  57  to  104;  and  the  water  from  725  to  915.  The  smallest  pro- 
portion of  globules  and  the  largest  amount  of  water  were  presented  in  a  case 
of  severe  uterine  hemorrhage. 

592.  The  most  important  fact  substantiated  by  Andral  is  one  that  had 
been  previously  suspected, — the  invariable  increase  in  the  quantity  of  fibrin 
during  acute  inflammatory  affections;  the  increase  being  strictly  propor- 
tional to  the  intensity  of  the  inflammation,  and  the  degree  of  symptomatie 
fever  accompanying  it.     **  The  augmentation  of  the  quantity  of  fibrin  is  so 
certain  a  sign  of  inflammation,  that,  if  we  find  more  than  5  parts  of  fibrin 
in  1000,  in  the  course  of  any  disease,  we  may  positively  affirm  that  some 
local  inflammation  exists.*'    Several  cases  are  mentioned,  in  which  an 
increase  to  7  or  7i  parts  took  place  without  any  apparent  cause;  but  in 
which  it  afterwards  proved  that  severe  local  inflammation  was  presenl: 
and  thus  we  are  furnished  with  a  pathognomonic  sign  of  great  importance. 
The  average  augmentation  of  fibrin  in  inflammation  may  be  estimated  at  7; 
the  minimum  at  5;  the  maximum  at  IO3.    It  does  not  appear  that  in  robust 
athletic  persons,  the  proportion  of  fibrin  is  greater  than  in  those  of  feebk 
constitution;  in  the  latter  it  is  the  globules  that  are  deficient;  and  it  is 
rather  from  this  disproportion,  than  from  an  absolute  excess  of  fibrin,  that 
their  greater  liability  to  inflammatory  affections  arises.     Diseases  wbidi 
commence  at  the  same  time  as  the  inflammation,  or  coexist  with  itt  do  not 
prevent  the  characteristic  increase  of  the  fibrin;  thus  in  chlorotic  females, 
the  proportion  rises  to  6  or  7,  under  this  influence.     The  augmentation  is 
observed  at  the  very  outset  of  the  affection;  the  quantity  increases  with  its 
progress;  and  a  decrease  shows  itself  when  the  disease  begins  to  abate. 
When  the  disease  presents  alternations  of  increase  and  decline,  these  are 
marked  by  precisely  corresponding  changes  in  the  quantity  of  fibrin.    A 
appears  that  the  rise  of  the  quantity  of  fibrin  above  the  normal  standard  is 
not  immediately  checked  by  venesection;  this  does  not  prove,  however, 
that  bleeding  is  useless;  but  only  that  it  cannot  arrest  instanter  the 
tendency  to   the  production  of  an  increased  quantity  of  fibrin.    It  is  » 
curious  fact  that  an  augmentation  is  commonly  observable  during  the 
advanced  stage  of  phthisis,  in  spite  of  the  deterioration  which  the  blood 
must  then  have  undergone;  this  is  probably  dependent  upon  the  develep* 
roent  of  local  inflammation  around  the  tubercular  deposits.     Some  experi- 
ments performed  by  M.  Andral  on  the  blood  of  pregnant  women  seem  «> 
lead  to  the  conclusion  that,  during  the  first  six  months,  the  fibrin  is  belov 
the  normal  standard;  and  that  it  subsequently  varies,  usually  undergoing 
an  augmentation  between  the  sixth  and  seventh,  and  die  eighth  and  ninth 
months.    But  further  experiments  are  needed  to  verify  this. 
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593.  It  appear!  obvious,  from  what  baa  been  juat  stated,  that  the 
increaae  in  the  quaniiiy  of  fibrui  is  not  dependent  upon  ihe  febrile  condition, 
which  ia  secnndury  to  the  local  inflamntaiion,  but  upon  the  inflammation 
ilaeir.  This  uonclusion  is  confirmed  by  the  interesting  fact  ihal,  in 
idiopathic  Tever,  ihe  proportion  of  fibrin  is  diminished  instead  of  under- 
going an  increase.  This  diminution  was  constantly  observed  by  Andral  in 
Ihe  premonitory  stage  of  continued  fever;  in  some  instances  the  amount 
was  no  more  than  1*6  parts  in  1000.  The  proportion  of  globules  was 
found  to  have  usually,  but  not  constantly,  undergone  an  increase;  aa  had 
also  thai  of  the  solid  parts  of  the  serum.  In  ordinary  continued  fever,  in 
which  there  was  no  evident  complication  from  local  disease,  the  quantity 
of  fibrin  varied  from  i-2  lo  2-2;  that  of  the  globules  from  1851  to  103-fl 
(excluding  a  case  in  which  their  amount  was  only  82-5,  which  was  thai  of 
a  chlorotic  female);  thai  of  the  solid  matter  of  the  serum,  from  98-7  to 
90-9;  and  that  of  the  water  from  725-6  to  851-9.  Hence  the  quantity  of 
solid  matter  appears  to  be  usually  increased;  but  the  peculiar  condition  of 
the  disease  may  probably  be  staled  lo  be  an  increase  in  the  proportion  of 
the  globules  lo  the  fibrin.  When,  however,  a  local  inflammatory  affection 
developes  itself  during  the  course  of  the  fever,  the  amount  of  fibrin 
increases;  but  its  augiaeniaiion  seems  to  be  kept  down  by  the  febrile  con- 
dition. In  typhoid  fever,'  the  decrease  in  the  proportion  of  fibrin  is  much 
more  decidedly  marked;  this  does  not  depend  upon  abstinence;  for  it 
ceases  as  soon  as  a  favourable  change  occurs  in  the  disease,  long  before 
the  eflecl  of  food  could  show  itself.  In  the  various  cases  examined  by 
Andral,  the  blood  furnished  a  maximum  of  3-7  of  fibrin,  and  a  minimum  of 
O'S;  in  this  last  case,  the  typhoid  condition  existed  in  extreme  intensity, 
yet  the  patient  recovered.  The  propiortion  of  globules  varies  considerably; 
m  an  early  stage  of  the  disease  it  is  usually  found  to  be  absolutely  high; 
and  it  always  remains  high  relatively  to  the  amount  of  fibrin.  In  typhoid 
fever,  then,  the  abnormal  condition  of  the  blood,  in  regard  to  the  dispro- 
portion between  the  globules  and  the  fibrin,  is  more  strongly  marked  tiian 
in  ordinary  continued  fever;  yet  the  usual  augmentation  of  fibrin  will  take 

Slace,  if  a  local  inflammation  developes  itself.  In  the  eruptive  fevers  it 
oea  not  appear  that  the  proporuon  between  the  fibrin  and  the  globules 
undergoes  so  striking  a  change  as  in  ordinary  continued  fever;  but  the 
aiimher  of  cases  examined  was  too  small  to  admit  of  decided  conclusions. 
By  the  experiments  of  Magendie  it  has  been  ascertained,  that  one  of  the 
efiecis  of  a  diminution  in  the  proportion  of  fibrin  ia  a  tendency  lo  the 
occurrence  of  hemorrhage  or  of  congestion,  either  in  ihe  parenchymatous 
lissue,  or  on  the  surface  of  membranes;  these  condiliona  are  well  known 
lo  be  of  frequent  occurrence  as  complications  of  febrile  disorders.  A 
marked  diminution  of  fibrin  was  noticed  also  in  many  cases  of  the  disorder 
tinned  cerebral  congestion,  which  commences  with  headache,  vertigo,  and 
Undency  to  epislaxis,  and  not  unfrequenUy  passes  into  coma  and  apoplexy. 
In  Apoplexy,  the  diminution  of  fibrin  was  still  more  striking;  and  in 
general  there  was  found  to  he  an  increase  of  the  globules.  In  one  instance 
Ibe  quaniiiy  of  fibrin  on  the  second  day  of  the  attack  was  found  to  have 
falleD  to  1'9,  whilst  that  of  the  globules  had  risen  lo  175'&;  but  on  the 
third  day,  when  the  patient's  consciousness  began  lo  return,  the  quantity  of 
fibrin  was  3-5,  whilst  that  of  the  globules  had  fallen  to  137-7.  It  would 
•sen),  from  the  great  change  in  the  character  of  the  blood,  which  was 


436  OF  NUTRITION. 

noticed  in  this  and  in  other  instances,  that  the  want  of  due  proportion 
between  the  fibrin  and  the  globules  was  the  cause  rather  than  the  effect,  of 
the  apoplectic  attack. 

594.  The  amount  of  globules  seems  to  be  subject  to  greater  variation 
within  the  limits  of  ordinary  health,  than  is  that  of  fibrin.    In  the  condition 
which  is  ordinarily  termed  a  highly  sanguineous  temperament,  or  plethora, 
it  is  chiefly  the  former  that  undergoes  an  increase.     Plethoric  persons  are 
not  more  liable  to  inflammation,  than  are  those  of  weaker  constitution;  but, 
from  the  quantity  of  fibrin  in  their  blood  being  small  relatively  to  that  of 
the  globules,  they  are  liable  to  congestion,  especially  of  the  brain,  and  to 
apoplexy  or  other  hemorrhage.     The  effect  of  bleeding  in  diminishing  this 
tendency  is  now  intelligible;  since  we  know  that  loss  of  blood  reduces  the 
number  j^f  globules.     On  the  other  hand,  in  that  temperament,*  which, 
when  exaggerated  becomes  ansmia,  there  is  a  marked  diminution  of  the 
globules;  this  temperament  may  lead  to  two  different  conditions  of  the 
system.  In  chlorosis,  the  globules  are  diminished,  whilst  the  fibrin  remains 
the  same;  so  that  the  clot,  though  small,  is  firm,  and  not  unfrequently  ex- 
hibits the  huffy  coat;  in  some  extreme  cases  of  this  disease,  the  globules 
have  been  found  as  low  as  27.     The  influence  of  the  remedial  administra- 
tion of  iron,  in  increasing  the  quantity  of  globules,  was  rendered  extremely 
perceptible  by  Andral's  analyses;  in  one  instance,  after  iron  had  been  taken 
for  a  short  time,  the  proportion  of  globules  was  found  to  have  risen  from 
49*7  to  64*3;  whilst  in  another,  in  which  it  had  been  longer  continued,  it 
had  risen  from  46*6  to  95*7.     On  the  other  hand,  bleeding  reduced  still 
lower  tlie  proportion  of  globules;  thus  in  one  instance,  their  amount  was 
found,  on  a  second  bleeding,  to  have  sunk  from  62*8  to  49.     The  full  pro- 
portion of  fibrin  in  the  blood  of  chlorotic  patients  accounts  for  the  infr^ 
quency  of  hemorrhage  in  them;  whilst  it  also  leads  us  to  perceive  that  they 
may  be,  equally  with  others,  the  subjects  of  acute  inflammation,  which  we 
know  to  be  the  fact.     A  diminution  of  globules  may  also  coexist  with  a 
diminution  in  the  amount,  or  in  the  degree  of  elaboration,  of  the  fibrin;  and 
this  condition  seems  to  be  characteristic  of  scrofula.     Andral  has  noticed  a 
diminution  in  the  proportion  of  globules  in  other  cachectic  states,  resulting 
from  the  influence  of  various  depressing  causes  on  the  nutritive  powers;— 
as  in  a  case  of  diabetes  mellitus,  in  which  the  patient  was  much  exhausted; 
—a  case  of  aneurismal  dilatation  of  the  heart  inducing  dropsy — and  in 
several  cases  of  cachexia  satumina. 

595.  The  chief  class  of  cases  in  which  any  marked  change  has  been 
observed  in  the  amount  of  solid  matter  in  the  serum,  is  that  of  albuminunti 
or  Bright's  disease  of  the  kidney.  The  diminished  specific  gravity  of  the 
serum  was  long  ago  pointed  out  by  Dr.  Christison;  but  Andral  remarks 
that  this  is  not  an  accurate  criterion,  since,  if  there  be  a  diminished  amount 
of  globules  (as  is  not  unfrequently  the  case  in  this  disease),  the  proportion 
of  water  in  the  whole  will  be  increased,  and  the  specific  gravity  of  the 
serum  thus  lowered,  without  any  alteration  in  its  proper  quantity  of  solid 
matter.  According  to  Andral,  the  diminution  in  the  amount  of  albumen  in 
the  serum  is  exactly  proportional  to  the  quantity  contained  in  the  urine. 
A  case  i^  related  by  him,  under  this  head,  which  affords  an  interesting 
exemplification  of  the  general  facts  which  have  been  already  attained  by  his 
investigations.  A  woman  who  had  been  suffering  from  erysipelas  of  the 
face,  and  who  had  lost  blood  both  by  venesection  and  by  leeches,  became 

*  The  term  lymphatic  has  been  applied  to  this  temperament;  by  which  term  ^i^ 
meant  a  predominance  of  lymph  in  the  absorbent  vessels. 
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the  subject  of  albuminuria.  The  blood  drawn  at  this  time  exhibited  a  con- 
siderable diminution  in  the  proportion  of  globules,  as  well  as  of  albumen, — 
a  fact  which  the  previous  loss  of  blood  fully  accounted  for.  After  a  short 
period,  during  which  she  had  been  allowed  a  fuller  diet,  another  experi- 
mental bleeding  exhibited  an  increase  in  the  proportion  of  globules.  Some 
time  afterwards,  when  the  albumen  had  disappeared  from  the  urine,  some 
more  blood  was  drawn;  and  it  was  then  observed  that  the  albumen  of  the 
serum  had  returned  to  its  due  proportion,  but  that  the  globules  had  again 
diminished,  whilst  there  was  a  marked  increase  in  the  quantity  of  fibrin. 
This  alteration  was  fully  accounted  for  by  the  fact  that,  in  the  interval, 
several  lymphatic  ganglia  in  the  neck  had  been  inflamed  and  had  suppu- 
rated; and  that  the  patient  had  been  again  placed  on  very  low  diet. 
**Thus,"  observes  Andral,  **  we  were  enabled  to  give  a  complete  explana- 
tion of  the  remarkable  oscillations  which  were  presented,  in  the  proportion 
of  the  different  elements  of  the  blood  drawn  at  three  different  times  from 
the  same  individual;  and  thus  it  is  that,  the  more  extended  are  our  inquiries, 
the  more  easy  does  it  become  to  refer  to  general  principles  the  causes  of  all 
those  changes  in  the  composition  of  the  blood,  which,  from  the  frequency 
and  rapidity  with  which  they  occur,  seem  at  first  sight  to  baffle  all  rules, 
and  to  take  place,  as  it  were,  at  random.  In  the  midst  of  this  apparent  dis- 
order, there  is  but  the  fulfilment  of  laws;  and  in  order  to  obtain  these,  it  is 
only  necessary  to  strip  the  phenomena  of  their  complications,  and  reduce 
them  to  their  simplest  form.'* 

Origin  of  the  Solid  Tissues. 

596.  It  has  been  shown  that  the  Blood  contains  a  substance  (Fibrin) 
which  is  prepared  to  become  organized^  or  to  take  upon  itself  that  peculiar 
kind  of  molecular  arrangement,  which  is  anatomically  characterized  as 
structure^  and  which  possesses  what  the  physiologist  terms  vital  pro- 
perties;  but  it  has  also  been  shown  that  the  conversion  of  this  Fibrin  into 
organized  structure  requires  the  influence  of  a  previously-existing  organism. 
In  the  development  of  the  embryo,  the  germ  of  the  first  cell  appears  to  be 
supplied  by  the  male  parent;  whilst  the  nutriment  at  the  expense  of  which 
it  is  evolved  is  supplied  by  the  female.  In  the  subsequent  growth  of  the 
organism,  the  materials  are  derived  from  the  food  ingested;  and  the  con- 
version of  these  into  organized  tissue  depends  upon  the  properties  of  the 
structure  already  formed,  which,  whilst  itself  decaying,  liberates  the  germs 
of  new  cells,  and  thus  makes  preparation  for  its  renewal.  The  processes 
by  which  these  cells  are  converted  into  the  several  kinds  of  organic  struc- 
ture that  compose  the  fabric  of  the  higher  animals,  are  in  many  instances 
very  complex;  and  can  only  be  traced  by  an  attentive  examination  of  their 
several  stages.  Whether  they  are  observed,  however,  in  the  first  develop- 
ment of  the  embryo,  or  in  the  reproduction  of  lost  parts,  they  seem  to  be 
essentially  the  same.  In  fact,  among  the  lowest  tribes  of  Animals  we  find 
these  two  conditions  blended,  as  it  were,  together;  for  the  process  of 
reparation  may  be  carried  in  them  to  such  an  extent,  as  to  regenerate  the 
whole  organism  from  a  very  small  portion  of  it.  In  the  Hydra,  or  Fresh- 
water Polype,  there  would  seem  to  be  scarcely  any  limit  to  this  power; 
for,  if  the  body  of  the  animal  be  minced  into  the  smallest  possible  frag- 
ments, every  one  of  these  can  produce  a  new  and  perfect  being.  In  this 
manner,  no  less  than  forty  have  been  artificially  generated  from  a  single 
individval.  In  ascending  the  animal  scale,  we  find  this  reparative  power 
less  conspicuous,  because  exercised  with  regard  to  smaller  parts  only  of 
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the  body;  bat  the  greater  complexity  of  the  changes  involved  in  the 
process  renders  it  in  reality  not  less  considerable  than  in  the  lower  classes. 
Thus,  the  restoration  of  a  bone  destroyed  by  necrosis  is  a  much  more 
extraordinary  operation  than  the  growth  of  an  entire  Polype  from  a  single 
fragment;  since  it  involves  a  far  greater  amount  and  variety  of  actions. 
Numerous  and  well-authenticated  instances  are  on  record,  of  the  reunion  of 
parts  that  had  been  entirely  separated  from  the  body,  and  of  the  restoration 
of  all  their  vital  properties,  and  this  could  only  take  place  through  the 
perfect  reproduction  of  a  large  number  of  very  different  structures.  The 
reappearance  of  fungous  growths,  whose  organization  is  of  a  low  character, 
is  a  fact  with  which  every  surgeon  is  familiar;  and  cases  occasionaUyt 
though  rarely,  present  themselves,  in  which  reproduction  of  a  whole 
member  takes  place  even  in  the  Human  subject.^ 

597.  Before  proceeding  to  describe  in  detail  the  mode  in  which  the 
primordial  cells  are  converted  into  the  several  varieties  of  tissue,  it  may  be 
desirable  to  take  a  general  survey  of  the  conditions  under  which  the  repaia- 
tive  processes  are  carried  on,-— a  question  of  great  practical  importance,  on 
which  very  mistaken  notions  are  prevalent.    It  is  the  general  opinion 
among  British  surgeons  (founded  upon  what  they  believe,  but  erroneously, 
to  have  been  the  doctrine  of  Hunter),  that  Inflammation  is  essential  to  the 
process  of  Reparation.     There  is  no  doubt  that,  as  generally  condocted, 
the  healing  of  wounds  is  attended  by  a  greater  or  less  degree  of  inflammar 
tion;  but  it  does  not  thence  follow  that  this  morbid  condition  is  essential  to 
the  renewal  of  the  healthy  state;  and  in  fact  it  can  be  shown  that,  in  the 
majority  of  cases,  the  inflammation  is  injurious  rather  than  beneficial.    The 
following  important  conclusions  are  drawn  by  Dr.  Macartneyt  from  a  very 
philosophical  comparative  survey  of  the  operations  of  Reparation  and  In- 
flammation, as  performed  in  the  different  classes  of  animals:—"  That  die 
powers  of  reparation  and  reproduction  are  in  proportion  to  the  indispositioo 
or  incapacity  for  inflammation; — that  inflammation  is  so  far  from  being 
necessary  to  the  reparation  of  parts,  that,  in  proportion  as  it  exists,  the 
latter  is  impeded,  retarded,  or  prevented;— that,  when  inflammation  does 
not  exist,  the  reparative  power  is  equal  to  the  original  tendency  to  product 
and  paintain  organic  form  and  structure; — and  that  it  then  becomes  a 
natural  function,  like  the  growth  of  the  individual,  or  the  reproduction  of 
the  species." 

598.  Guided  chiefly  by  Dr.  Macartney's  views,  we  shall  treat  of  the 
reparative  processes  under  three  distinct  heads: — FirsU  the  adhesion  of 
the  sides  of  a  wound  by  a  medium  of  coagulable  lymph,  or  of  a  clot  of 
blood.  Second^  reparation  without  any  medium  of  lymph  or  granulations, 
the  cavity  of  the  wound  being  filled  by  a  natural  process  of  growth  from  iti 
walls.  Tliird,  reparation  by  means  of  a  new,  vascular,  and  organized 
substance,  termed  granulations. 

599.  The  first  of  these  modes  of  reparation  is  that  which  is  ordinarily 
termed  union  by  the  first  intention;  of  this  kind  of  adhesion,  the  healing 
of  the  incision  made  in  venesection,  which  usually  takes  place  almost 
without  consciousness  on  the  part  of  the  patient,  and  with  scarcely  any 
inflammation,  is  a  characteristic  example;  the  white  line  of  cicatrix  which 
is  left  marks  the  formation  of  new  substance,  and  is  the  result  of  the  wsnt 
of  that  perfect  approximation  of  the  lips  of  the  wound,  which  may  &^ 

♦  See,  on  the  whole  of  the  subject  of  the  comparative  powers  of  reparation  io  ib« 
Animal  series,  the  Author's  Principles  of  Gen.  and  Comp.  Physic^.  Sf  586^  587. 
t  Treatise  on  Inflammation,  p.  7. 
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quently  be  obtained  in  parts  wbere  pressure  can  be  more  firmly  applied, 
and  where  the  space  to  be  filled  up  is  proportionably  thinner.  This  mode 
of  union  is  ordinarily  considered  by  British  surgeons  to  be  the  result  of  an 
adhesive  inflammation.  In  so  regarding  it,  they  conceive  that  they  are 
following  out  the  views  of  Hunter;  but  he  expressly  states  that  wounds 
may  heal  without  any  pain  or  constitutional  disturbance,  the  reunion  pro- 
ceeding *'  as  if  nothing  had  happened;"  so  that  he  in  effect  admits,  that 
reparation  of  this  kind  may  take  place  without  inflammation.  It  is  well 
known  that  if  a  slight  wound,  which  is  thus  healing,  be  provoked  to  an 
increased  degree  of  inflammation,  its  progress  is  interrupted;  and  all  the 
means  which  the  surgeon  employs  to  promote  union,  are  such  as  tend  to 
prevent  the  accession  of  this  state.  The  doctrine  that  the  eflusion  of 
lymph  for  the  reparation  of  the  tissues  is  not  to  be  regarded  as  necessarily  a 
result  of  the  inflammatory  process,  is  not  so  novel  as  its  opponents  have 
regarded  it;  since  it  has  been  maintained  by  many  eminent  observers, 
even  from  the  earliest  times.  It  is  supported  by  the  fact  that  coagulable 
lymph  may  be  thrown  out  by  a  natural  and  healthy  action,  as  in  the  forma- 
tion of  the  decidua  uteri;  and  that  the  surface  of  a  wound  is  covered  with 
lymph  too  soon  after  the  receipt  of  an  injury  for  inflammation  to  have  set 
in.  The  only  case  in  which  the  occurrence  of  Inflammation  can  be  re- 
garded as  salutary,  is  that  in  which  there  is  a  deficiency  of  fibrin  in  the 
blood,  causing  a  deficient  organizability  of  the  lymph.  It  has  been  seen 
that  the  amount  of  fibrin  is  rapidly  increased  by  inflammation;  and  the 
Surgeon  well  knows  that  a  wound  with  pale  flabby  edges,  in  a  depressed 
state  of  the  system,  will  not  heal  until  some  degree  of  inflammation  has 
commenced. 

MO.  When  the  Liquor  Sanguinis  of  the  blood,  known  as  coagulable 
lymph,  is  eflnsed  between  the  two  edges  of  a  wound,  or  upon  the  surface 
of  a  membrane  lining  a  closed  sac,  the  following  appears  to  be  the  history 
of  its  organization.  The  new  matter,  which  is  poured  out  in  a  fluid  state, 
undergoes  a  coagulation  resembling  that  of  blood;  the  serum,  being  set 
free  by  the  concretion  of  the  fibrin,  is  absorbed;  and  the  fibrinous  coagulum 
speedily  attains  an  almost  membranous  density.  If  examined  with  a  micro- 
scope at  the  commencement  of  the  process  of  organization,  it  is  seen  to 
eontain  a  large  number  of  the  exudation-corpuscles  already  mentioned 
($  559);  these  originating  probably  either  in  the  lymph-globules  that  have 
circulated  in  the  blood,  or  in  the  nuclei  of  the  red  corpuscles  (§  578.)  In  a 
short  time,  these  corpuscles  present  the  appearance  of  regular  cells,  disposed 
in  layers,  and  adhering  together  by  an  intermediate  unorganized  substance; 
bearin?,  in  fact,  a  strong  resemblance  to  the  cells  of  tesselated  epithelium. 
Some  hours  later,  the  mass  exhibits  an  evidently  fibrous  character;  and  this 
is  due  to  the  adhesion  of  the  cells  to  each  other  in  lines,  their  form  being 
prolonged  in  the  same  direction.  Between  these  cellular  fibres,  a  consider- 
able amount  of  cytoblastema  or  hyaline  substance  (§  554)  yet  remains;  and 
they  may  be  readily  separated,  or  torn  in  any  direction.  A  vascular  rete 
next  makes  its  appearance,  and  forms  connections  with  the  vessels  of  the 
subjacent  surface;  the  first  appearance  of  this  network  is  in  the  form  of 
transparent  arborescent  streaks,  which  push  out  extensions  on  all  sides; 
these  encounter  one  another,  and  form  a  complete  series  of  capillary  reticu- 
lations, the  distribution  of  which  very  nearly  resembles  that  which  has  been 
seen  in  the  villi  of  the  intestines  (Fig.  41).  Before  the  vascular  rete  appears, 
pale-coloured  cytoblasts  are  produced,  which,  after  the  completion  of  the 
rete,  pass  over  into  the  nearest  capillary  veins,  being  pushed  on  by  the  blood 
which  is  brought  from  the  nearest  arteries;  and  in  this  manner  the  circula- 
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tion  is  established.  This  process  appears  to  be  conformable,  in  all  essential 
particulars,  with  that  which  has  been  observed  in  the  development  of  the 
toes  of  the  larva  of  the  Water-Newt,  and  similar  natural  growths.  The 
character — whether  arterial  or  venous — which  each  tube  is  to  assume, 
depends  upon  its  proximity  with  some  vessel  of  the  subjacent  membrane, 
with  which  it  becomes  continuous;  but  its  first  formation  is  not  due,  as 
some  have  supposed,  to  the  simple  prolongation  of  these  vessels  into  the 
fibrinous  mass,  since  the  latter  is  able  of  itself  to  originate  a  capillary  plexus. 

601.  Although  many  have  doubted  whether  effusions  of  blood  could  thus 
become  organized,  there  seems  no  valid  reason  to  think  that  its  fibrin  would 
comport  itself  in  any  other  way,  when  red  particles  are  included  in  its 
coagulum,  than  when  they  are  absent.  That  large  masses  of  extravasated 
blood  should  exhibit  little  or  no  tendency  to  organization,  will  not  be  con- 
sidered surprising,  when  it  is  remembered  that  only  their  surface  can  be 
in  that  relation  with  a  living  membrane,  which  has  been  stated  to  be  essen- 
tial to  the  further  vital ization  of  the  effused  fibrin  (§  583).  It  has  been 
proved  in  many  instances,  however,  that  coagula  of  blood  completely 
enclosed  within  the  body  possess  an  incipient  vascularity,  being  capable  of 
injection  from  the  surface  beneath;*  and  there  is  no  valid  reason  to  deny, 
that  the  thin  layer  of  blood  which  remains  between  the  lips  of  an  incised 
wound,  when  these  are  closely  brought  together,  is  the  medium  of  their 
reunion.  Whether  the  red  corpuscles  aid  or  retard  the  process,  is  yet  uncer- 
tain (§  578). 

602.  To  the  second  mode  of  reparation,  attention  has  recently  been 
strongly  directed  by  Dr.  Macartney;  and  as  this,  too,  is  a  strictly  physio- 
logical action,  and  is  one  which  the  surgeon  should  aim  at  producing,  it  will 
be  here  discussed  somewhat  in  detail.     The  Surgeon  has,  until  recently, 
regarded  the  processes  of  granulation  and  suppuration,  which  are  attended 
with  much  local  inflammation,  and  with  a  considerable  amount  of  constitu- 
tional disturbance  when  the  surface  is  large,  as  the  only  means  by  which  an 
open  wound  can  be  filled  up.     Occasional  instances,  however,  have  not 
been  wanting,  in  which  large  open  wounds  have  closed  up  under  the  dry 
clot  of  blood  by  which  they  were  at  first  covered  over,  without  any  suppu- 
ration, or  other  symptom  of  inflammation;  and  in  these  it  has  been  found 
that  the  new  surface  much  more  nearly  resembles  the  ordinary  one,  than 
does  the  cicatrix  which  follows  granulation.     To  Dr.  Macartney,  however, 
is  due  the  merit  of  explaining  the  rationale  of  this  action,  which  is  precisely 
analogous  to  that  which  is  concerned  in  the  ordinary  processes  of  growtht 
and  to  that  reproduction  of  whole  parts  which  takes  place  in  the  lower  ant- 
mals  without  inflammation.     It  is  termed  by  him  the  modelling  process; 
and  he  remarks  as  characteristic  of  it  that,  when  it  goes  on  perfecdy,  and 
without  inflammation,  the  patients  are  so  completely  free  from  uneasy  sen- 
sations, as  only  to  be  aware  of  the  extent  of  the  injury  by  their  own  exami- 
nation.    In  this  process,  the  surfaces  of  the  wound  do  not  unite  by  vascular 
connection,  even  when  they  lie  in  contact;  nor  is  the  space  between  them 
filled  up  with  coagulable  lymph;  but  they  are  smooth  and  red,  moistened 
with  a  fluid,  and  presenting  the  appearance  of  one  of  the  natural  mucoot 
membranes.   *'  It  might  be  anticipated  that,  as  this  mode  of  reparation  bean 
so  strong  a  resemblance  to  the  natural  formation  and  development  of  partSi 
it  is  the  slowest  mode;  but  this  is  of  little  account,  when  compared  with  its 
great  advantages  in  being  unattended  with  pain,  inflammation,  and  constitu- 

*  For  a  well  established  case  of  this  sort,  see  a  communication  by  Mr.  Dalrymple  is 
the  Medico-Ghirurgical  Transactions,  vol.  xxm. 
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tional  sympathy,  and  leaving  behind  it  the  best  description  of  cicatrix.'*  In 
the  case  of  large  burns  on  the  trunk  in  children,  the  difference  between  the 
two  modes  of  reparation  will  frequently  be  that  of  life  and  death;  for  it  often 
happens  that  the  patient  sinks  under  the  great  constitutional  disturbance 
occasioned  by  a  large  suppurating  surface,  although  he  has  survived  the 
immediate  shock  of  the  injury. 

603.  The  most  effectual  means  of  promoting  this  kind  of  reparative  pro- 
cess, and  of  preventing  the  interference  of  inflammation,  vary  according  to  the 
nature  of  the  injury.     The  exclusion  of  air  from  the  surface,  and  the  regu- 
lation of  the  temperature,  appear  the  two  points  of  chief  importanee.     By 
Dr  .Macartney  ,thec  onstant  application  of  moisture  is  also  insisted  on.*    He 
states  that  the  immediate  effects  of  injuries,  especially  of  such  as  act  severely 
upon  the  sentient  extremities  of  the  nerves,  are  best  abated  by  the  action  of 
*'  8team  at  a  high  but  comfortable  temperature,  the  influence  of  which  is 
gently  stimulant,  and  at  the  same  time  extremely  soothing.     After  the  pain 
and  sense  of  injury  have  passed  away,  the  steam,  at  a  lower  temperature, 
may  be  continued;*'  and,  according  to  Dr.  M.,  no  local  application  can  com- 
pete with  this,  when  the  inflammation  is  of  an  active  character.    For  subse- 
quently restraining  this,  however,  so  as  to  promote  the  simple  reparative 
process,  water-dressing  will,  he  considers,  answer  sufliciently  well;  its  prin- 
cipal object  being  the  constant  production  of  a  moderate  degree  of  cold, 
which  diminishes,  whilst  it  does  not  extinguish,  sensibility  and  vascular 
action,  and  allows  the  reparative  process  to  be  carried  on  as  in  the  inferior 
tribes  of  animals.     The  reduction  of  the  heat  in  an  extreme  degree,  as  by 
the  application  of  ice  or  iced  water,  is  not  here  called  for,  and  would  be  posi- 
tively injurious;  since  it  not  only  renders  the  existence  of  inflammation  in  the 
part  impossible,  but,  being  a  direct  sedative  to  all  vital  actions,  suspends  also 
the  process  of  restoration.     The  eflicacy  of  water-dressing  in  injuries  of  the 
severest  character,  and  in  those  which  are  most  likely  to  be  attended  with 
violent  inflammation  (especially  wounds  of  the  large  joints)  has  now  been 
established  beyond  all  question;  and  its  employment  is  continually  becoming 
more  general.     Other  plans  have  been  proposed,  however,  which  seem  in 
particular  cases  to  be  equally  effectual.     To  Dr.  Greenhow,  of  Newcastle, 
for  instance,  it  was  accidentally  suggested,  a  few  years  since,t  to  cover  the 
surface  of  recent  burns  with  a  liquified  resinous  ointment;  and  he  states  that 
in  this  manner  suppuration  may  be  prevented,  even  where  large  sloughs  are 
formed,  the  hollow  being  gradually  filled  up  by  new  tissue,  which  is  so  like 
that  which  has  been  destroyed,  that  no  change  in  the  surface  manifests  itself, 
and  none  of  that  contraction,  which  ordinarily  occurs  even  under  the  best 
management,  subsequently  takes  place.     A  plan  has,  moreover,  been  pro- 
posed for  preventing  suppuration,  and  promoting  reparation  by  the  model- 
ling process,  which  consists  in  the  application  of  warm  dry  air  to  the 
wounded  surface.     The  experiments  made  on  this  have  not  been  entirely 
satisfactory;  but  they  seem  to  show  that,  though  the  process  of  healing  is 
much  slower  under  treatment  of  this  kind,  it  is  attended  with  less  constitu- 
tional disturbance  than  is  unavoidable  in  the  ordinary  method;  and  it  may, 
therefore,  be  advantageously  put  in  practice  in  those  cases,  in  which  the  con- 
dition of  the  patient  requires  every  precaution  against  such  an  additional 
burthen, — as  aAer  amputation  in  a  strumous  subject.     But  of  the  superiority 
of  this  treatment  to  the  water-dressing  no  evidence  has  yet  been  adduced. 

©04.  The  third  method  of  reparation, — that  by  granulation — appears  to 

♦  Treatise  on  Inflammation,  p.  178. 
t  Medical  Gazette,  Oct.  13, 1838. 
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be  a  means  employed  by  Nature  for  the  purpose,  under  the  unfavourable  cir- 
cumstances of  irritation  or  a  continuance  of  inflammation;  proving  that  parts, 
previously  in  a  healthy  state,  are  disposed  to  heal,  in  despite  of  many  im- 
pediments thrown  in  their  way.  The  granulation-structure  is  a  special  one, 
formed  for  a  temporary  purpose.  It  is  endowed  with  higher  vascularity  and 
a  more  rapid  power  of  growth,  than  is  possessed  by  any  modification  of  or- 
dinary tissue;  but  it  is  very  easily  destroyed  by  injury,  or  by  a  higher  degree 
of  inflammation.  The  existence  of  granulations  has  been  supposed  to  be 
necessary  to  fill  up  deficiencies;  this,  however,  is  not  altogether  true;  as  we 
occasionally  find  very  considerable  vacancies  filled  with  lymph,  which  gradu- 
ally becomes  organized,  without  being  converted  into  granulations;  and  the 
void  may  be  also  supplied  by  the  process  of  natural  growth  just  described. 
Moreover,  it  is  only  in  the  beginning  that  granulations  take  the  place  of  the 
natural  structure;  for  the  approximation  of  the  edges  of  a  wound  filled  with 
them,  requires  that  they  should  be  removed  by  interstitial  absorption;  so  that 
wounds  healed  by  this  process  do  not  exhibit  any  remains  of  the  new  me- 
dium. This  approximation  somewhat  resembles  that  which  occurs  in  open 
wounds  that  have  never  inflamed,  being  the  result  of  the  natural  processes 
of  growth,  and  it  does  not  take  place  until  the  inflammation  has  in  great  degree 
subsided;  but  it  diflers  from  the  modelling  processes  in  this,— that,  as  the 
wound  is  occupied  by  granulations,  its  closure  takes  place  prematurely  as  it 
were;  so  that,  when  the  granulations  are  subsequently  absorbed  altogether, 
a  contracted  cicatrix  is  the  result.  It  will  be  presently  seen  that  the  formation 
of  the  granulation-structure  is  intimately  connected  with  the  elaboration  of 
pus;  and  this  process,  accompanied  as  it  is  with  such  great  constitutional  dis- 
turbance, and  involving  such  a  loss  of  nutritious  material,  cannot  but  be  re- 
garded as  an  action  to  be  altogether  avoided  if  possible. 

605.  We  shall  now  consider,  more  in  detail,  the  nature  of  the  process 
of  granulation,  and  of  the  suppuration  which  usually  accompanies  it.     Its 
commencement  is  exactly  conformable  to  the  first  stage  of  ordinary  reunion 
by  tlie  first  intention;  for  liquor  sanguinis  is  thrown  out,  in  which  exuda- 
tion-corpuscles present  themselves  in  large  numbers.   According  to  Gerber, 
the  transformation  of  these  into  a  sort  of  imperfect  epithelium  may  be  seen 
to  take  place  within  half  an  hour.     New  layers  are  in  the  meantime  deve- 
loped; and  the  most  superficial  of  the  exudation-corpuscles,  which  are  ei« 
posed  to  the  contact  of  air,  change  their  character  (in  the  mode  described 
in  the  next  paragraph)  and  become  pus-globules;  whilst  those  in  close  coo- 
tact  with  the  subjacent  surface  become  a  part  of  the  living  organism,  lod 
take  a  share  in  the  processes  of  exudation  and  reparation.     A  new  layer  of 
exudation-globules  is  next  deposited  over  this;  and  of  this  the  outer  portioa 
degenerates  as  before  into  pus-globules,  whilst  the  inner  part  becoisei 
organized  into  a  kind  of  fibro-cellular  tissue,  forming  granulations.    Tha>e 
granulations  are  themselves  extremely  vascular;  and,  as  recently  shown  by 
Mr.  Liston,*  the  vessels  of  the  subjacent  tissue  are  much  enlarged,  >od 
assume  a  varicose  character.     The  bright  red  colour  of  the  granulation'* 
however,  does  not  depend  on  their  vascularity  alone;   for  the  cells  theiO' 
selves,  especially  those  most  recently  evolved,  are  of  nearly  as  deep  * 
colour  as  the  blood-globules;  and  the  superficial  bleeding  which  follo^ 
even  the  slightest  touch  of  the  granulating  surface,  does  not  proceed  frt>^ 
blood  shed  from  the  new-formed  vessels  only;  the  red  fluid  shed  in  i^^ 
manner  contains,  besides  blood-discs,  newly-developed  red  cells,  ViA^J 
cytoblasts,  pale  granules  and  reddish  serum.     It  is  a  common  property  el 
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animal  cytoblasts,  that  they  present  a  red  colour  on  their  first  formation, 
when  in  contact  with  oxygen;  but  this  hue  they  lose  again,  whether  they 
advance  to  perfect  development  and  become  integral  parts  of  a  living  tissue, 
or  die  and  degenerate.  The  process  of  gpranulation  and  suppuration  ap- 
pears to  differ  from  that  of  simple  reparation  (the  modelling  process  of  Dr. 
Macartney)  in  this, — that  a  large  part  of  the  exudation-corpuscles  deposited 
on  the  wounded  surface  degenerate  into  pus  in  the  former  case,  whilst  none 
are  thus  wasted  in  the  latter;— but  that  the  existence  of  inflammation  occa- 
sions a  more  copious  supply  of  fibrin  in  the  former  case,  and  increases  its 
tendency  to  become  organized;  the  filling-up  of  a  wound  with  cellular  granu- 
lations being  thus  a  much  more  rapid  process,  than  that  renewal  of  the 
completely-formed  tissues  which  may  take  place  in  the  absence  of  inflam- 
mation. The  imperfect  character  of  the  granulation-structure  is  shown  by 
the  almost  complete  disappearance  of  it,  after  the  wound  has  closed  over. 
The  portion  of  it  in  immediate  contact  with  the  subjacent  tissue,  however, 
appears  to  undergo  a  higher  organization;  for  it  becomes  the  medium  by 
which  the  cicatrix  is  made  to  adhere  to  the  bottom  of  the  wound.  It  is 
▼ery  liable  to  undergo  changes  which  end  in  its  disintegration;  as  is  evident 
from  the  known  tendency  to  re-opening  in  wounds  that  have  been  closed  in 
this  manner. 

606.  Various  opinions  regarding  the  nature  and  origin  of  the  pus-globule 
have  been  given  by  diflerent  observers;  but  the  account  of  their  degenera- 
tion from  the  exudation-corpuscle,  which  is  here  given  on  the  authority  of 
Prof.  Gerber,  seems  to  have  the  greatest  probability.  On  the  exudation- 
globules  of  the  surface,  a  number  of  delicate  lines  radiating  from  a  centre 
are  first  perceived,  dividing  the  periphery  into  six  or  eight  segments;  these 
lines  become  more  and  more  distinct,  and  the  capsule  appears  as  it  were 
torn  or  cleft,  but  without  any  separation  of  parts;  the  nucleus  also  exhibits 
marks  of  division;  and  finally  the  globule  presents  the  aspect  of  a  mass  of 
granules,  the  segments  of  the  envelope  and  the  divisions  of  the  nucleus 
(which  were  at  first  linear  and  sharp  in  appearance)  having  become  rounded 
oflT.  The  true  pus-globules  thus  formed  are  mixed  in  the  fluid  secretion 
with  oil-globules  and  albuminous  globules;  the  proportion  of  these  varies  at 
diflferent  stages  of  its  formation.  The  younger  the  fluid,  the  more  of  the 
fibrinous  globules  does  it  contain,  and  the  smaller  is  the  quantity  of  its  oily 
matter;  in  that  which  is  more  mature,  the  fibrinous  part  has  diminished 
whilst  the  oil  has  increased;  and  in  this  we  find  the  largest  portion  of  the 
granular  pus-globules,  which  have  the  characters  of  albumen.  There  is  no 
doubt  that  the  contact  of  air  tends  very  greatly  to  favour  the  production  of 
pus;  and  Gerber  and  others  are  of  opinion,  that  no  true  suppuration  can 
take  place  in  situations  to  which  it  has  not  access:  but  this  does  not  seem 
consistent  with  numerous  well-ascertained  facts.  It  is  yet  to  be  ascertained 
whether  the  peculiar  form  of  pus-globule  just  described  is  to  be  regarded  as 
so  far  characteristic  of  true  pus,  that,  when  it  is  absent,  the  existence  of 
pus  is  not  to  be  admitted.  Many  puriform  fluids,  which  resemble  pus  not 
only  in  appearance  but  in  chemical  composition,  are  destitute  of  it,  contain- 
ing in  its  stead  irregular  granules  of  softened  fibrin.  Until  recently  it  has 
been  common  to  regard  as  pus  the  fluid  that  often  results  from  the  softening 
of  fibrinous  masses;  but  Mr.  Gulliver*  has  shown  the  complete  fallacy  of 
this  idea;  and  he  has  also  pointed  out  the  frequency  of  the  instances  in 
which  the  mistake  is  liable  to  be  made.  Dr.  Barry  states  that  he  has  dis- 
tictly  seen  true  pus-globules  originate  in  l>lood-corpu8cles;  this  observation 
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will  not  be  inconsistent  with  the  above  statements,  if  ihc  exadaWWKc* 
puscle  has  the  origin  which  Dr.  B.  attributes  to  it  (5  678).  The  intTod;.^ 
tion  of  a  small  quantity  of  pus  into  the  blood  is  capable  of  inducinc  t«7 
important  changes  in  its  structure  and  properties;  for,  if  it  be  stirred  ic* 
the  fluid  when  freshly  drawn,  it  prevents  its  coagulation;  and  there  n§  •*. 
litile  doubt,  from  the  phenomena  of  disease,  that,  when  absorbed  from  sr- 
faces  or  cavities  in  which  it  is  formed,  into  the  general  mass  of  the  Wot*'- 
it  gives  origin  to  that  tendency  to  the  extended  production  of  pos,  wbca 
shows  itself  in  secondary  or  metastatic  suppurations. 

607.  In  ill-conditioned  sores,  of  which  the  surface  is  not  in  mt  pc 
giving  origin  to  new  tissue,  the  discharge  does  not  contain  the  inie  pw- 
globule;  but  in  place  of  it  there  are  found  what  have  been  termed  iciw- 
corpuscles,  which  are  evidently  altered  blood-discs.     The  ichorous  is^ 
when  the  sore  is  of  the  phagedenic  kind,  is  seen  also  to  contain  the  debo 
of  the  solid  tissues  which  are  undergoing  removal;  and  it  is  probaWecis 
the  altered  red-particles  of  the  blood  only  find  their  way  into  it  accidcna:.t. 
through  the  destruction  of  the  coats  of  the  superficial  vessels.     Ther  ti 
peculiarly  abundant  in  the  discharge  of  glanders.     It  has  been  «ippo«i 
by  some  (by  Gerber  among  the  resi)  that  the  ichor  possesses  a  dtf* 
tegrating  power,  and  that  the  progressive  deepening  and  extension  of  '^ 
sore  is  directly  owing  to  its  agency;  the  same  was  formerlv  supposed  w:i 
respect  to  pus';  but  the  idea  is  now  known  to  be  incorrect  in  regard  to  3 
latter,  and  it  does  not  appear  to  have  any  better  foundation  when  *??■■* 
to  the  former.     The  surgeon  endeavours  to  change  the  character  of  « 
indolent  and  ill-conditioned  sore,  by  stimulating  applications,  or  even  ^ 
removing  its  surface  with  the  knife  or  with  caustic;  in  the  latter  mode,  a 
sorv  is  turned  into  a  fresh  wound,  in  which,  if  other  circumstancH  f? 
favourable,  the  process  of  reproduction  may  take  place^  accompanied  ?T 
perUvt  suppuration. 

60S.  Another  degenerated  form  of  ihe  exudation-oorpuscle,  is  that  wn- 
for:us  the  uur/.er  of  Tubercle.  This  term  has  been  u«oi  by  patholi^?:*".*  - 
a  irrt^ai  variety  of  senses;  beir.i:  npplitd  :o  <j'r5ur:..*e5  ditTerinsr  very  ^r.-" 
in  iheir  capability  of  or^r^inizition.  Ii  this  oo::n:ry.  the  mar.er  o:  tt* 
tiibervle  js  v.sv:a'.y  re^rarJ-eJ  as  i:r.r'^sses«e  i  of  orriniza'ion,  an  J  as  ei>-"i 
like  a  foreign  roJy  in  the  tissues  in  wh::h  it  is  cepositeJ.      I;  is  now  ^r:r 
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remain  for  some  time  as  a  dry  mass,— on  some  subsequent  effusion  of 
serum.  In  other  instances  not  even  the  exterior  of  the  deposit  exhibits 
any  thing  more  than  the  cellular  organization;  and  sometimes  nothing  but 
a  hyaline  substance  is  found.  These,  however,  may  be  considered  as 
transitory  conditions;  since  fibrin,  however  poured  out,  has  always  a 
tendency  to  become  organized,  when  in  contact  with  a  living  tissue. 

609.  The  less  organizable  matter,  to  which  the  name  of  Tubercle  is 
ordinarily  restricted  in  this  country,  appears  rather  to  consist  of  albumen, 
with  a  greater  or  less  admixture  of  fibrin.  It  generally  exhibits  no  other 
trace  of  structure,  than  a  congeries  of  minute  albuminous  granules,  mingled 
with  shapeless  flakes  or  filaments;  but  cytoblasts  and  ceUs  may  be  occa- 
sionally detected  in  it,  especially  when  it  is  recendy  formed.  The  granules 
are  described  by  Mr.  Gulliver  as  extremely  variable  in  magnitude,  their 
diameter  ranging  from  l-30,000th  to  l-8000th  of  an  inch;  they  form  nearly 
the  entire  mass  of  caseous  tubercle.  The  shapeless  particles  are  considered 
by  him  as  probably  imperfect,  degenerating,  or  blighted  cells  or  nuclei; 
they  usually  vary  from  l-6000th  to  l-2000th  of  an  inch  in  diameter.  Tiiese 
may  be  seen  in  crude  or  mature  tuberculous  matter,  and  frequently  in  the 
smallest  caseous  tubercles,,  especially  of  the  serous  membranes.  The 
granular  matter  preponderates,  as  the  tuberculous  mass  increases.  The 
most  common  size  of  the  cells  is  from  l-2600th  to  l-1140th  of  an  inch  in 
diameter.  They  may  be  frequently  recognized  in  grayish  miliary  tubercles, 
either  of  the  lungs  or  serous  membranes;  but  as  the  tubercles  increase  in 
magnitude,  the  well-marked  and  complete  cells  disappear,  probably  degene- 
rating into  the  corpuscles  and  granular  matter.*  Hence  it  appears  that  the 
difference  between  a  deposit  of  tubercle,  and  the  effusion  of  plastic  lymph, 
consists  in  this; — that  the  former  is  composed  of  the  albuminous  constituent 
of  the  blood,  a  mere  chemical  compound  which  is  not  prepan^d  to  undergo 
organization  until  it  has  passed  through  the  condition  of  fibrin; — whilst  the 
latter  is  a  portion  of  the  vitalized  fibrin,  which  possesses  within  itself  the 
tendency  to  organization,  and  only  requires  the  contact  of  a  living  mem- 
brane to  enable  it  to  pass  into  a  regular  structure.  Now  it  has  been  seen 
that  it  is  a  peculiar  tendency  of  the  inflammatory  condition  to  develope  an 
increased  quantity  of  fibrin  in  the  blood  (§  592);  and  it  is  scarcely  possible 
to  suppose  that  this  fibrin  is  generated  anywhere  else  than  in  the  part 
affected.  Hence  it  may  be  questioned,  whether  the  process  by  which 
tubercle  is  thus  generated,  is  really  deserving  of  the  title  of  Inflammation. 
Indeed  it  is  almost  indubitable,  that  tubercular  matter  may  be  deposited  by 
a  perversion  of  the  ordinary  process  of  Nutrition,  without  anything  like  an 
inflammatory  state.  Thus,  in  the  one  case,  as  in  the  other,  the  existence 
of  a  scrofulous  diathesis  occasions  that  to  be  deposited  as  unorganizable 
albumen,  which,  in  persons  of  sound  constitution,  would  have  had  the  form 
of  organized  fibrin. 

610.  A  deposit  of  albuminous  matter,  under  a  somewhat  different  form, 
takes  place  in  what  is  termed  granular  degeneration,  or  Bright's  disease,  of 
the  kidney.  In  the  earlier  stages  of  this  disorder,  the  albumen  is  deposited 
in  the  tortuous  uriniferous  canals  of  the  cortical  substance;  in  the  fully- 
formed  disease,  however,  it  is  met  with  among  and  between  the  other  tissues 
also. 

♦  See  Gerber's  General  Anatomy,  and  Mr.  Gulliver's  Appendix,  from  which  ihe 
materials  of  the  preceding  paragraphs  have  been  almost  entirely  derived. 
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Formation  of  the  Tissues. 

611.  From  the  primordial  cells,  of  which  the  whole  fabric  of  the  embryo, 
or  the  tissue  of  a  newly-formed  part,  is  composed,  all  the  animal  tissues, 
various  as  they  are  in  structure  and  in  properties,  are  ^dually  elaborated. 
Their  variety  is  much  greater  than  that  which  exists  in  Plants;  and  this  is 
exactly  what  we  should  expect,  when  we  take  into  account  the  mach  grreater 
number  of  entirely-different  functions  to  be  performed.  Nevertheless  it 
may  be  remarked,  that  the  tissues  which  are  essentially  concerned  in  the  per- 
formance of  the  Or^nic  functions,  and  in  the  mechanical  support  of  the 
frame,  are  produced  from  the  original  cells  by  a  transformation  of  nearly  the 
same  kind  with  that  which  takes  place  in  Vegetables;  and  that  it  is  in  those 
which  minister  to  the  Animal  functions,  that  we  find  the  greatest  departure 
from  this  plan.  Among  the  former,  we  shall  have  to  notice  that  the  cells, ' 
or  the  bodies  originating  in  them,  remain  to  a  great  degree  independent  of 
one  another,  as  in  Plants;  whilst,  in  the  Muscular  and  Nervous  substance 
they  are  brought  into  closer  relation,  in  order  that  they  may  perform  those 
peculiar  functions,  which  evidently  require  the  conjoint  and  consentaneons 
actions  of  a  large  mass  of  tissue. 

612.  The  transformations  alluded  to  may  be  of  several  kinds.     The  cells 
may  retain  their  original  form,  but  may  undergo  a  change  in  the  character  of 
their  contents;  and  this  change  may  impart  to  them  a  character  entirely  new. 
Such,  for  example,  occurs  in  regard  to  adipose  or  fatty  tissue,  which  is 
nothing  else  than  a  mass  of  cells  filled  with  oily  substances;  whilst,  on  the 
other  hand,  in  the  horny  tissues,  there  is  a  deposit  within  them  of  a  pecu- 
liar horny  matter;  in  cartilage  there  is  a  corresponding  deposit  of  a  gela- 
tinous  substance;  and  in  bone,  calcareous  matter  is  laid  down.     These  de- 
posits appear  to  take  place  on  the  same  general  plan  with  those  which  are 
met  with  in  the  Vegetable  tissues.     We  find,  for  instance,  oily  matter  stored 
up  in  one  set  of  cells;  whilst  in  another,  we  find  a  lining  of  sclerogenxmt 
deposit.*  imparting  great  density  to  the  structure;  and  in  the  heart-wood, 
not  only  the  cells,  but  the  woody  tubes  and  the  ducts,  are  blocked  up  in  this 
manner.     In  all  these  instances,  however,  the  membranous  substance  of 
which  the  tissue  is  composed,  retains  its  original  composition;  being  foond, 
when  the  subsequent  deposits  have  been  dissolved  away,  to  possess  the 
same  chemical  characters  as  it  at  first  presented.     To  the  membranous  ele- 
ment of  the  Vegetable  structure,  the  term  Cellulose  has  been  given;  and  its 
composition  is  found  to  be  nearly  identical  with  that  of  the  starchy  matter 
in  which  it  originates  (§  556).  It  is  probable  that  the  same  general  doctrine 
may  be  applied  to  the  Animal  structures;  although  the  question  has  not  yet 
been  so  fully  investigated,  as  to  enable  a  positive  statement  to  be  made  re- 
garding it.     Wherever  the  membranous  matter  can  be  obtained  free  from 
extraneous  deposits,  it  appears  to  possess  the  chemical  characters  of  Fibrin. 
This  is  especially  the  case  with  Muscular  tissue,  which  has  been  generally 
regarded  as  the  only  part  of  the  body  into  the  composition  of  which  fibrin 
(as  such)  enters.     But  there  has  evidently  been  great  misapprehension  on  the 
subject,  arising  from  the  close  correspondence  in  the  merely-chemical  rela- 
tions of  Fibrin  and  Albumen;  and  there  can  be  little  doubt  that,  in  most,  if 
not  all,  the  instances,  in  which  the  latter  has  been  set  down  as  an  element 
of  animal  tissues,  we  should  substitute  the  former.   The  fluids  which  these 
tissues  contain  (as  serum  and  the  humours  of  the  eye),  and  the  secretions 
discharged  by  them,  are  easily  shown  to  contain  albumen;  but  there  is  no 

♦  See  Principles  of  General  and  Comparative  Ph3rsiology,  U  96, 404. 
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proof  that  albumen  ever  becomes  organized,  without  passing  through  the 
condition  of  fibrin.  One  of  the  few  chemical  differences  between  them,  is 
the  power  which  fibrin  possesses  of  decomposing  the  peroxide  of  hydrogen; 
of  this  albumen  is  destitute;  and  when  this  test  is  applied  to  the  animal  tis- 
sues, it  is  found  that  many  which  are  not  ordinarily  supposed  to  contain  fibrin, 
possess  the  power  to  a  degree  that  satisfactorily  indicates  the  presence  of 
that  element. 

613.  We  have,  then,  additional  reason  for  regarding  Fibrin  as  the  sole 
organizable  material  of  the  Animal  body;  and,  wherever  any  ingredient 
entirely  different  can  be  proved  to  exist  in  its  texture,  we  shall  consider 
this  as  an  extraneous  deposit.  The  most  important  of  these  ingredients, 
which  enters  into  a  very  large  proportion  of  the  Animal  tissues,  and  which 
may  be  considered  as  holding  the  same  rank  in  them  with  sclerogen  among 
Plants,  is  that  which  is  known  under  the  name  of  Gelatin.  This  may  be 
obtained  by  boiling  portions  of  skin,  cellular  tissue,  serous  membrane,  ten- 
don, bone,  &c.,  in  water,  for  some  time;  after  which  the  decoction  is 
allowed  to  cool,  when  it  solidifies  into  a  jelly  of  greater  or  less  thickness. 
Some  tissues  dissolve  readily  in  this  manner;  and  little  residual  (or  fibrin- 
ous) substance  is  left;  this  is  especially  the  case  with  cellular  tissue,  serous 
membranes,  and  (in  a  less  degree)  with  skin.  Others  require  a  long  boil- 
ing for  the  extraction  of  any  gelatin,  and  even  then  it  is  obtained  in  but 
small  quantity;  of  this  kind  are  the  elastic  tissues  and  some  forms  of  car- 
tilage. A  peculiar  modification  of  this  principle  exists  in  most  of  the 
permanent  cartilages,  and  will  be  described  when  they  are  treated  of 
($  624).  Gelatin  is  not  found  in  the  blood,  nor  in  any  of  the  healthy 
fluids;  and  some  chemists  are  of  opinion  that  it  is  rather  sl  product  of  the 
operation  practised  to  separate  it,  than  a  real  constituent  of  the  living  solids. 
This  idea  is  inconsistent,  however,  with  the  fact,  that  the  gelatinous  tissues 
will  exhibit,  without  any  preparation,  the  best-marked  of  the  chemical  pro- 
perties which  are  regarded  as  characteristic  of  gelatin, — that,  namely,  of 
forming  a  peculiar  insoluble  compound  with  tannin;  and  the  tanno-gelatin 
which  may  be  obtained  by  precipitating  gelatin  from  a  solution,  and  that 
which  results  from  the  action  of  tannin  on  animal  membrane,  appear  to  be 
precisely  analogous  in  every  respect,  save  the  presence  of  structure  in  the 
latter,  and  its  absence  in  the  former.  Gelatin  is  very  sparingly  soluble  in 
cold  water;  by  contact  with  which,  however,  it  is  caused  to  swell  up  and 
soften.  It  is  readily  dissolved  by  hot  water;  and  forms  so  strong  a  jelly 
on  cooling,  that  1  part  in  100  of  water  becomes  a  consistent  solid.  Its 
reaction  with  tannic  acid  is  so  distinct,  that  1  part  in  5000  of  water  is  at 
once  detected  by  infusion  of  galls.  The  composition  of  Gelatin,  according 
to  Mulder,*  is  13  Carbon,  10  Hydrogen,  2  Nitrogen,  5  Oxygen;  if  these 
nambers  be  multiplied  by  three,  we  shall  have  very  nearly  the  same  com- 
position with  protein  (§  455),  with  the  exception  of  the  oxygen,  which 
would  be  in  excess;  so  that  we  may  regard  the  relative  proportions  of  the 
cmrbon,  hydrogen  and  nitrogen  as  almost  identical  in  the  two  compounds, 
bat  consider  these  as  additionally  oxidized  in  gelatin.  As  a  large  quantity 
of  this  latter  substance  is  continually  being  formed  from  the  blood,  we  may 
perhaps  regard  the  demand  for  oxygen,  which  will  be  thus  occasioned,  as 
one  of  the  chief  causes  of  the  disappearance,  from  the  respired  air,  of  a 
larger  amount  than  is  necessary  to  form  the  carbonic  acid  that  is  exhaled 
($  533).     As  there  is  no  valid  reason  to  believe  that  gelatin  ever  undergoes 

*  The  resalis  of  the  analysis  of  Scherer  are  very  different;  but  he  does  not  seem 
to  have  employed  pare  gelatin. 
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organization,  we  may  not  unreasonably  suppose  that  this  principle  is  elabo- 
rated at  the  expense  of  the  albumen  of  the  blood,  rather  than  from  the  fibrin. 
A  kind  of  sugar  may  be  obtained  from  gelatin,  by  boiling  it  with  caustic 
alkali;  this  crystallizes  in  large  prisms,  which  are  colourless,  taste  sweet, 
and  feel  gritty  between  the  teeth;  it  is  soluble  in  4i  parts  of  water,  and  is 
taken  up  in  small  quantity  by  alcohol.  This  fact  is  one  of  much  interest  in 
regard  to  certain  pathological  relations  of  gelatin. 

[The  term  nutrition  may  be  not  improperly  limited  to  the  act  by  which 
the  organizable  plasma  is  converted  into  solid  tissue.  This  fibrinous  plasma 
is  prepared  for  organization  by  the  assimilating  process  just  described;  and 
if  withdrawn  from  the  interior  of  the  living  body,  it  spontaneously  passes 
into  a  state  which  presents  a  definite  organization.    Hence,  the  coagulation 
of  fibrin  is  clearly  not  the  result  of  its  death,  as  was  formerly  supposed;  for 
this  coagulation  is  the  first  stage  of  its  organization,  when  plastic  lymph  is 
poured  out  on  a  living  surface;  and  even  when  the  process  takes  place  after 
the  complete  withdrawal  of  the  fluid  from  the  living  body,  a  fibrous  arrange- 
ment, as  distinct  as  that  which  is  presented  by  fibrin  coagulated  in  the  living 
body — up  to  the  time  when  vessels  appear  in  the  newly-forming  tissue,  is 
seen  in  the  clot.     The  fibres  may  form  by  their  interlacement  an  areolar 
tissue;  or  by  their  parallel  arrangement  a  distinct  membrane.     This  fact 
has  been  noticed  by  various  observers  from  the  time  of  Haller;  bat  it  has 
been  overlooked  by  many  recent  physiological  writers,  and  particular  atten- 
tion has  lately  been  directed  to  it  by  Mr.  Addison  and  Mr.  Gulliver.     The 
former  has  studied  the  fibrous  arrangement  in  the  act  of  being  formed  in  the 
bufiy  coat;  and  he  has  remarked  that  corpuscles  are  included  in  its  areols, 
which  he  believes  to  be  identical  with  the  colourless  corpuscles  of  the 
blood.     Mr.  Gulliver  has  pointed  out  the  same  appearance  in  thin  slices  of 
ordinary  coagula  rendered  hard  by  boiling:*  and  here,  too,  there  are  i^te^ 
spersed  among  the  fibres  pale  corpuscles,  which  are  termed  by  Mr.  Gul- 
liver •'  organic  germs,"  as  well  as  bodies  that  resemble  nuclei  of  similar 
cospuscles.     The  same  arrangement  of  fibres  has  been  shown  by  Mr. 
Gulliver  to  exist  in  the  false  membranes  which  are  produced  on  infiamed 
serous  surfaces,  by  the  more  or  less  complete  organization  of  fibrinous  exu- 
dations.  In  such  situations,  the  fibres  are  mingled  with  corpuscles,  (termed 
by  other  authors  **  exudation  cells,")  which  seem  to  be  the  same  "organic 
germs"  in  an  altered  condition.!     These  corpuscles  may  form  a  larger  or 
smaller  proportion  of  the  exudation;  if  they  are  merely  scattered  amongst 
the  fibres  of  the  coagulum,  and  the  chief  part  of  it  be  composed  of  hardened 
fibrin,  the  membrane  will  be  tough;  but  if  the  exudation  be  chiefly  com- 
posed of  these  corpuscles,  with  but  a  small  amount  of  fibres  between  theoif 
the  membrane  will  be  quite  friable,  and  will  approach  towards  the  character 
of  a  purulent  exudation. 

The  fibrous  aggregation  of  the  particles  of  fibrin  seems,  therefore,  to  be 
the  real  process  of  coagulation,  whether  upon  a  living  or  a  dead  surface. 
By  Dr.  Barry  it  is  imagined  that  the  appearance  of  fibres  in  the  coagulum 
is  due  to  the  rupture  of  some  of  the  blood  discs  in  which  he  believes  fibrei 
to  be  generated,  and  the  consequent  escape  of  the  latter;  but  it  seems  to  ^ 
forgotten  by  him  that  fibrin  will  coagulate  without  any  blood  discs,— «« 
when  the  latter  are  separated  by  filtration,  according  to  Miiller's  celebmted 
experiment  upon  frog's  blood,— or  when  the  chyle,  in  which  no  blood-disc* 

♦  See  note  by  Mr.  Gulliver  to  p.  31  of  Gerber's  General  Anatomy, 
t  See  Mr.  Gulliver's  coniributions  to  the  Minute  Anatomy  of  Animals,  Pari  i^- 
Phiios.  Magazine}  Oct.  1842. 
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are  to  be  found  except  by  an  accidental  admixture,  is  withdrawn  from  the 
thoracic  duct.  Moreover,  as  Mr.  Gulliver's  figures,  (Gerber*8  Anatomy, 
Figs.  244-6,)  all  copied  accurately  from  nature,  clearly  show,  a  small  por- 
tion of  coagulated  fibrin  contains  a  far  larger  number  of  fibres,  than  we  can 
imagine  to  be  contained  in  the  number  of  blood-discs  that  would  fill  the 
same  space.  The  Author  has  lately  discovered  a  very  interesting  example 
of  a  membrane  composed  almost  entirely  of  matted  fibres,  which  so  strongly 
resembles  the  delineations  of  fibrous  coagula  given  by  Mr.  Gulliver,  diat 
he  cannot  but  believe  in  the  identity  of  the  process  by  which  they  are 
produced.  This  is  the  membrane  inclosing  the  white  of  the  egg  and  form- 
ing the  animal  basis  of  the  shell.  If  the  shell  be  treated  with  dilute  acid  a 
tough  membrane  remains,  exacdy  resembling  that  which  lines  it;  and  if  the 
hen  has  not  been  supplied  with  lime  there  is  no  difference  between  the  two 
membranes  even  without  the  action  of  acid  on  the  outer  one.  Each  of 
these  membranes  consists  of  numerous  laminae  of  most  beautifully  matted 
fibres  intermixed  with  round  bodies  exactly  resembling  exudation  cells.  It 
is  in  the  interstices  of  these  fibres  that  the  calcareous  particles  are  deposited 
which  give  density  to  the  shell;  these  membranes  are  formed  around  the 
albumen  which  is  deposited  upon  the  surface  of  the  ovary  during  its  passage 
along  the  oviduct,  from  the  interior  of  which  the  fibrinous  exudation  nuist 
take  place.  All  these  facts  clearly  indicate,  that  for  the  reparations  of  in- 
juries, inflammation  is  not  an  essential  change;  since  the  ordinary  fibrin 
which  is  continually  being  applied  to  the  purposes  of  nutrition,  is  capable 
of  passing  spontaneously  into  the  organized  condition,  and  thus  of  forming 
a  regular  tissue,  for  the  more  complete  organization  of  which,  nothing  is 
required  but  the  extension  of  vessels  into  it  from  the  subjacent  surface. 
Thus  a  strong  confirmation  is  afibrded  to  Dr.  Macartney's  doctrine,  that  the 
reparation  of  injuries  is  best  efiected  by  a  process  resembling  the  ordinary 
nutrition  of  the  tissues;  and  that  our  therapeutic  efibrts  should  be  directed 
to  promote  this,  and  to  keep  down  inflammation. 

The  doctrine  of  Schwann  respecting  the  development  of  fibrous  as  well 
as  other  tissues  from  cells  appears  to  require  some  modification,  since  we 
thus  see  fibres  produced  by  the  simple  consolidation  of  the  plasma  without 
an  intervening  development  of  cells.  Yet  if  the  preceding  doctrines  be 
correct,  the  agency  of  cells  is  still  required  for  their  production,  though  in 
an  entirely  dififerent  mode;  since  the  fibrinous  plasma  in  which  the  fibres 
originate  is  itself  elaborated  by  the  cells  floating  in  the  circulating  fluid. 
The  same  remark  applies  to  the  other  instances  in  which  a  tissue  appears 
to  be  produced  without  the  intervention  of  cells.  Thus  the  essential  part 
of  a  mucous  membrane,  according  to  Bowman  and  Goodsir,  is  a  delicate 
structureless  lamella;  in  the  production  of  which  cells  appear  to  have  no 
concern.  A  similar  homogeneous  membrane  forms  the  lining  of  the  arteries; 
but  the  membrane  contains  minute  particles,  which  appear  to  be  the  germs 
of  the  epithelium-cells  that  are  to  be  developed  on  its  surface.  A  continual 
supply  of  such  germs  must  be  required  where  the  epithelium-cells  are  being 
constantly  thrown  ofl*,  as  is  the  case  with  those  of  the  stomach  and  intes- 
tinal canal  and  with  secreting  surfaces  in  general.  These  germs  or  repro- 
ductive granules  have  probably  been  prepared  by  those  assimilating  cells^ 
tlie  influence  of  which  on  the  plasma  has  prepared  it  to  pass  into  the  con- 
dition of  membrane. 

There  can  be  no  doubt,  however,  that  the  function  of  the  plasma  or  liquor 
sanguinis  is,  in  general,  to  supply  the  material  for  the  nutrition  of  the  pre- 
viously-formed tissues, — that  is,  for  the  reparation  of  their  waste,  by  the 
production  of  new  tissues  like  their  own.     As  to  the  mode  in  which  this  is 
67 
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accomplished  there  is  much  that  is  still  very  obscure,  notwithstanding  the 
recent  vast  increase  in  the  amount  of  knowledge  on  the  subject.  It  is  cer- 
tain that  a  large  proportion  of  the  tissues  are  produced  in  the  embryo,  from 
the  cells  of  which  alone  it  is  composed  at  an  early  period;  these  cells 
undergo  various  kinds  of  metamorphoses,  the  nature  of  which  will  be  de- 
tailed hereafter.  But,  according  to  Dr.  Barry,  many  of  these  tissues 
which  make  their  appearance  in  the  midst  of  others, — the  crystalline  lens 
for  example, — originate  in  cells  which  he  believes  that  he  can  trace  back  to 
the  red  corpuscles  of  the  blood.  Regarding  the  validity  of  this  statement^ 
materials  are  yet  wanting  for  a  positive  decision;  for  those  which  Dr. 
Barry's  paper  contains  can  scarcely  be  regarded  as  decisive.  The  origin 
of  tissues  from  the  colourless  corpuscles  appears  to  be  a  much  more  pro- 
bable supposition.  The  '*  exudation  cells"  which  are  found  in  the  lymph 
effused  on  cut  surfaces,  and  the  pus-globules  into  which  these  may  be  con- 
verted by  the  action  of  air  or  other  causes,  bear  so  strong  a  resemblance  to 
the  colourless  corpuscles,  that  it  is  difficult  to  refer  them  to  any  other  origin. 
This,  indeed,  is  the  view  of  their  nature  entertained  by  Barry  and  Addison; 
and  it  is  only  by  referring  the  colourless  corpuscle  itself  to  the  red  particle 
that  they  can  trace  back  the  greater  number  of  tissues  to  the  latter;  the 
colourless  corpuscles  being  in  their  view  an  intermediate  stage  of  develop- 
ment between  the  ordinary  red  particles  and  the  first  cells  of  newly-forming 
tissue.  The  determination  of  this  last  question  is  a  work  that  cannot  be 
accomplished,  except  by  an  extensive  series  of  observations  carried  on 
through  a  great  range  of  species. 

But  even  supposing  that  the  origin  of  any  mass  of  tissue  should  be  traced 
back  to  either  kind  of  the  cells  that  are  floating  about  in  the  blood,  we  are 
not  thence  to  decide  that  the  continued  nutrition  of  the  tissue  is  performed 
in  the  same  manner.     The  muscular  fibre  once  formed,  may  be  able,  for 
any  thing  that  we  know  to  the  contrary,  to  produce  the  germs  of  other 
fibres,  by  the  materials  elaborated  from  the  blood,  without  any  direct  supply 
of  cells  or  fibres  from  it.     We  know  this  to  be  the  case  in  regard  to  ca^ 
tilage,  the  cells  of  which  are  continually  undergoing  increase  by  a  process 
of  multiplication  exactly  conformable  to  that  which  takes  place  in  the  early 
state  of  the  embryo;  and  we  know  that  this  tissue  is  not  supplied  with  blood 
in  any  other  way  than  by  the  transudation  of  the  plasma  through  its  sab- 
stance.     Again,  on  the  surface  of  mucous  membranes  there  is  a  continaal 
new  development  of  epithelial  cells;  these  can  scarcely  be  altered  blood-co^ 
puscles,  ns  Barry  and  Addison  consider  them  to  be,  since  bodies  of  sneh 
large  size  could  not  make  their  way  through  the  basement  membrane  with- 
out sensible  pores,  which  certainly  do  not  exist.     There  seems  little  doubt 
that  the  rapid  renewal  of  the  epithelium-cells,  which  is  continually  taking 
place  on  many  of  the  mucous  surfaces,  is  due  to  the  development  of  germs 
contained  in  the  basement  membrane  at  the  expense  of  the  fluid  brought  to 
its  altached  surface  by  the  vessels  ramifying  beneath  it.     That  Dr.  Barry 
and  Mr.  Addison  should  see  a  strong  resemblance  between  blood-corpuscles 
and  incipient  epithelium-cells  is  not  surprising,  when  it  is  considered,  how 
much  alike  all  cells  are  in  some  or  other  of  their  stages  of  production;  and 
when  the  impossibility  (for  such  it  clearly  appears)  of  this  transformation 
is  considered,  much  doubt  is  necessarily  cast  on  the  validity  of  the  other 
inferences  of  those  observers.     If  similarity  alone  is  to  be  taken  as  a  proof 
o(  identity,  then  the  identity  of  the  chyle  and  lymph-globules  with  the  co- 
lourless corpuscles  of  the  blood  is  a  necessary  inference. 

The  foregoing  observations  are  not  intended  to  express  any  decided  opi- 
nions on  the  subject  of  the  formation  of  the  tissues;  since  the  whole  ques- 
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tion  appears  to  the  Author  to  be  at  present  subjudice.  In  his  own  mind, 
however,  there  is  a  decided  preponderance  of  evidence  in  favour  of  the 
opinion,  that  the  perpetual  reproduction  of  tissue  which  constitutes  the  act 
of  Nutrition,  is  due  to  the  development  of  cell-germs  in  the  tissues  them- 
selves, at  the  expense  of  the  fibrin  of  the  blood;  and  that  the  use  of  the  white 
corpuscles  (of  which  the  analogues  are  found  in  the  circulating  fluid  of  all 
animals)  is  to  elaborate  that  fibrin;  whilst  the  function  of  the  red  corpuscles 
(whose  office  must  be  of  a  more  special  nature,  since  they  are  only  to  be 
found  in  Vertebrata,)  is  to  serve  as  the  carriers  of  oxygen  and  carbonic 
acid.  But  the  determination  of  it  has  no  importance  in  regard  to  the  prin- 
ciple which  it  is  here  attempted  to  develope.  Whether  or  not  it  be  true  that 
the  tissues  have  their  origin  in  the  red  corpuscles  of  the  blood,  as  Dr.  Barry 
maintains,  they  are  developed  by  the  agency  of  cells;  and  these  c^lls  are 
descended,  more  or  less  remotely,  from  those  of  which  the  foundations 
were  deposited  in  the  germinal  vesicle  by  the  act  of  fecundation.  The  doc- 
trine of  cell-life  is  as  true,  therefore,  when  applied  to  animal  as  to  vegetable 
nutrition. — C] 

614.  Not  only  is  the  chemical  constitution  of  the  tissues  altered,  sub- 
sequently to  their  first  organization,  by  the  deposition  of  gelatinous,  oily, 
calcareous,  and  other  matters,  but  their  absolute  form  is  changed.  Instead 
of  the  original  aggregation  of  isolated  cells  or  vesicles,  we  not  unfrequently 
meet  with  a  fabric  having  a  completely  fibrous  character,  with  no  evident 
remains  of  the  original  tissue.  In  regard  to  the  origin  of  the  constituent 
fibres,  there  is  yet  some  uncertainty.  Those  of  the  tissue  ordinarily  known 
as  cellular,  with  its  modifications,  serous  membrane,  skin,  mucous  mem- 
brane, &c.,  are  probably  to  be  regarded  as  formed  by  the  aggregation  of 
▼cry  prolonged  cells  (analogous  to  those  of  which  woody  fibre  is  composed 
in  Plants)  which  are  formed  in  fasciculi  within  the  original  or  primordial 
cells;  of  the  origin  of  this  kind  of  structure,  hair  seems  to  afford  a  very  good 
illustration,  though  it  is  dififerent  in  other  respects  (§  035).  On  the  other 
hand,  muscular  and  nervous  fibres,  which  are  much  larger,  are  to  be  re- 
garded as  tubes,  analogous  to  the  ducts  of  plants,  and  formed  by  the  fusion 
of  a  number  of  cells  originally  distinct,  and  retaining  their  several  nuclei 
($  110  and  374),  from  which  the  contents  of  the  tube  are  probably  derived. 
A  brief  account  will  now  be  given  of  the  structure,  development,  and  che- 
mical composition  of  the  principal  forms  of  tissue  in  the  Animal  body,  espe- 
cially in  that  of  Man. 

I  The  following  table,  extracted  from  the  Physiological  Anatomy  of  Dr. 
Todd  and  Mr.  Bowman,  strikes  the  Editor  as  presenting  the  best  general 
▼iew  of  the  various  tissues  which  he  has  yet  seen.  No  satisfactory  arrange- 
ment can,  he  thinks,  be  constructed,  based  on  any  one  principle  of  classi- 
fication. 


TABULAR  VIEW  OF  THE  TISSUES  OF  THE  HUMAN  BODY. 


1.  Simple  membrane,  homogeneous,  or  nearly 
so,  employed  alone,  or  in  the  formation 
of  compound  membranes. 

3.  Filamentous  tissues,  the  elements  of  which 
are  real  or  apparent  filaments. 

3.  Compound  membranes,  composed  of  sim- 

ple membrane,  and  a  layer  of  cells,  of 
various  forms  (epithelium  or  epidermis), 
or  of  areolar  lissae  and  epithelium. 

4.  Tissues  which  retafn  the  primitive  cellu- 

lar straclare  as  their  permanent  character. 


Examples. — Posterior  layer  of  the 
cornea. — Capsule  of  the  lens. — 
Sarcolemma  ofmui-cle,  &c. 

While  and  yellow  fibrous  tissues. — 
Areolar  tissue. 

Mucous  membrane. — Skin. — True 
or  secreting  glands. — Serous  and 
synovial  membranes. 

Adipose  tissue.— Cartilage.— Gray 
nervous  matter. 
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5.  Sclerous  or  hard  lissae.  Bone. — Tceih. 

6.  Compound  tissues 

a   Composed  of  tubes  of  homogeneous      Muscle. — Nerve. 

membrane,  containing  a  peculiar  hub- 

stance. 
b.  Composed  of  white  fibrous  tissues  and      Fibro-cartilage. 

cartilage. — M.  C.) 

615.  There  are  a  few  instances  in  which  nucleated  cells,  resembling^ 
those  of  the  primordial  fabric,  are  seen  even  in  the  adult  body.  The  most 
striking  examples  of  this  are  to  be  found  among  the  inferior  members  of 
the  class  of  Fishes.  Thus,  in  the  Myxinoid  family,  there  is  no  true  Verte- 
bral column,  but  its  place  is  occupied  by  a  gelatinous  tube,  termed  thechonb 
dorsalis,  which  consists  entirely  of  nucleated  vesicular  tissue,  and  which  is 
precisely  analogous  to  the  structure  occupying  the  same  situation  in  the 
early  embryo  of  higher  animals.  In  the  Short  Sun-fish,  a  corresponding 
form  of  tissue  forms  a  thick  covering  to  the  body,  replacing  the  tme  skin. 
And  in  the  Lancelot  (a  little  fish  which  is  deficient  in  so  many  of  the  cha> 
racters  of  the  Vertebrated  division,  that  many  naturalists  have  doubted  its 
right  to  a  place  in  the  class),  a  considerable  portion  of  the  fabric  is  made  up 
of  a  similar  parenchyma.  The  only  analogous  instance  which  has  yet 
been  pointed  out  in  the  higher  animals,  is  that  of  the  nucleated  cells  which 
are  found  in  the  substance  of  the  Liver,  and  of  other  glands  (§  653,  Fig.  60). 

616.  The  Pigrnent'CellSf  which  give  colour  to  the  skin,  and  of  which  the 
pigmentum  nigrum  of  the  eye  is  entirely  composed,  usually  exhibit  the 
original  form  of  the  cell  with  little  alteration.     On  the  choroid  coat  of  the 
eye  they  are  seen  as  a  kind  of  pavement,  having  somewhat  of  a  polyhedral 
shape,  and  lying  in  a  very  regular  manner  with  some  intercellular  substance 
interposed  between  them.     In  the  skin  of  Man  they  are  scattered  through 
the  ordinary  epidermic  cells;  and  its  colour  is  determined  by  that  of  their 
contents.     There  is  no  distinct  coloured  layer,  as  was  formerly  supposed; 
but  the  cells  are   more  closely  aggregated  in  some  parts  than  in  others. 
This  is  as  much  the  case  in  the  European,  however,  as  in  the  Negro;  in 
the  former,  they  are  concerned  in  producing  the  spots  termed  freckles,  and 
others  of  a  similar  kind.     In  some  animals,  the  pigment-cells  of  the  skin 
frequently  undergo  a  change  of  form,  being  elongated  in  many  directions 
into  hollow  fibres,  which,  meeting  other  formations  of  the  same  kind,  pro- 
duce a  more  or  less  perfect  net-work  of  star-shaped  cells.     This  change  is 
best  seen  in  the  skin  of  the  Batrachia,  where  the  cells  are  frequently  isolated; 
a  good  example  of  it  is  shown  in  Fig.  45  (p.  349).     The  black  colour  is 
given  by  an  accumulation,  within  the  cell,  of  a  number  of  rounded  granules, 
which,  when  separately  viewed,  are  found  to  be  transparent,  not  black  and 
opaque.     The  chemical  nature  of  the  black  pigment  has  not  yet  been  made 
evident;  it  has  been  shown,  however,  to  have  a  close  relation  to  that  of  the 
Cuttle-fish  ink;  and  to  contain  a  larger  proportion  of  carbon  than  most  other 
organic  siibsiances,  every  100  parts  containing  58i  of  this  element.    The 
nucleus  of  the  pigment-cells  may  generally  be  traced,  as  a  clear  spoL 

617.  The  Fat-cells,  of  which  Adipose  tissue  is  composed,  also  perma- 
nently exhibit  the  original  type  of  structure  in  its  simplest  form.  This 
tissue  is  usually  diffused  over  the  whole  body,  filling  up  interstices,  sod 
forming  a  kind  of  pad  or  cushion  for  the  support  of  moveable  parts.  Even 
in  cases  of  great  emaciation,  some  fat  is  always  left;  especially  at  the  base 
of  the  heart,  around  the  origin  of  the  large  vessels;  in  the  orbit  of  the  eye; 
in  the  neighbourhood  of  the  kidney;  in  the  interior  of  the  bones;  and 
within  the  spinal  canal,  between  the  periosteum  and  the  dura  mater.  The 
fat-cells  are  usually  spherical  or  spheroidal;  sometimes,  however,  when 
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closely  pressed  together  without  the  interventioD  of  any  intercellular  sub- 
stance, they  become  polyhedral.    The  nucleus  Fw  55  a 
is  not  always  to  be  uistinguishedi — perhaps  in  '     >    ■ 
consequence  of  its  having  passed  to  ttie  interior 
of  the  cell. 

jThe  Fat-cell  is  composed  of  the  adipote 
titsue,  a  closed  vesicle  formed  by  a  membrane 
of  extreme  tenuity,  and  the  material  which  it 
contains,  the  fat.  The  membrane  is  perfectly 
homogeneous  and  transparent,  aboutihe  j-n^i^th 
of  an  inch  thick,  and  is  moistened  by  a  watery 
fluid,  for  which  ithasagrealer  attraction  than  the 
ht  it  contains.  Each  vesicle  is  a  perfect  organ, 
from  T^th  to  T^lh  of  an  inch  in  diameter, 
with  capillaries  ramifying  on  itsesierior.  When 
tfa«  fat-cells  eiist  in  any  number  their  arrange-  d^"™";:^'^l^;^t,r«™ 
mentis  usually  lobular,  with  an  investment  of  mMher,  Thacapiiiti7T«Hi*ua 
areolar  (cellular)  tissue,  which  favours  motion  "oi  Tfpttteaiti.^Fnm  ihs  onen- 
Md  the  distribnlion  of  the  blood  vessels.  The  '"-';"*"fl«">™ia»'ii™»"»- 
▼eesels  enter  the  inlerlobular  clefts,  ramify  through  their  interior,  as  a  solid 

fig.  55,  b. 


BI«od-T^laofFu:— *.  Hlnuu  lUi 
■.  Tka  Esmdiul  ulery,    t.  Tbe  prim 
(Bpanulj  repiHcnEed.    M>«nl11ed  100  dlunc 
ihacnerloror  thB  nalelH:  more  hlghlj  magniBed, 

capillary  net-work,  occupying  the  angles  formed  by  contiguous  sides  of  the 
vesicles,  and  anastomose  with  one  another  at  the  points  these  angles  meet.— 
M.  C.t 

The  consistency  of  the  substance  contained  in  the  fat-vesicles  varies  in 
different  animals,  according  to  the  proportions  of  the  organic  elements  that 
enter  into  its  composition.  These  elements  are  known  under  the  names  of 
siearine,  margarine,  and  oleine;  the  two  former,  which  are  solid  when 
separate,  being  dissolved  in  the  latter,  at  the  ordinary  temperature  of  die 
body. 
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}  A  spontaneous  separation  of  these  proximate  principles  may  sometimes 
be  detected  within  the  human  fat- vesicle.     The  stearine  collects  in  the  form 

of  a  small  star  on  the  inner  surface  of  the  mem- 
Fig.  55,  c.  brane;  (fig.  55,  b.  h,  b,)\  the  elaine  occupying 
^^^                      the  remainder  of  the  vesicle,  except  where  there 
/^^^..„.  .„. ^       is  an  unusually  small  quantity  of  fat,  when  we 

^  ^^^IsSIBQ^  ^^^  ^  ^^^^^  aqueous  fluid  interposed  between  the 

^ij^HQh     ^     elaine  and  the  cell-membrane.     This  offers  the 

,  JT  ^'^jSB/r  ^^^^  condition  for  the  investigation  of  the  mem- 

^^  ~~^  That  the  thick  oil  thus  formed  does  not  escape 

Fat  Tesicies  from  an  emaciated  from  the  fat-cells  during  life,  may  be  attributed  to 

"r2re':'r»"»^L'L,Cnra  ^6  moistening  of  their  walls  by  the   aqueo«. 

collected  as  a  Star-like  mass,  wiih    nUld   ClFCUlalmg  through   the  DOdy.       in    all  QXed 

the  elaine  in  connection  with  it,  oils,  which  are  fluid  at  common  temperatures,  a 
but  not  filling  the  cell.  portion  of  the  solid  constituents  of  fat  exists:  these 

may  be  separated  by  exposure  to  cold,  which  congeals  them,  leaving  the 
elaine  fluid.  All  these  substances  are  regarded  by  chemists  in  the  light  of 
salts;  being  compounds  of  acids — the  stearic,  margaric,  and  oleic — with  a 
common  base,  to  which,  from  its  sweetish  taste,  the  name  of  glycerine  has 
been  given. 

618.  Stearine  is  the  essential  constituent  of  nearly  all  solid  fats,  and 
preponderates  in  proportion  to  their  consistence.   It  exists  largely  in  matton- 
suet;  from  this  it  may  be  obtained  by  the  action  of  ether,  which  takes  up  all 
the  oily  matter.     It  is  crystalline,  like  spermaceti;  it  is  not  at  all  greasy  be- 
tween the  fingers,  and  melts  at  143^.     It  is  insoluble  in  water,  and  in  coM 
alcohol  and  ether;  but  it  dissolves  in  boiling  alcohol  or  ether,  crystallizing 
as  it  cools.     It  is  composed  of  two  proportionals  of  stearic  acid  to  one  of 
glycerine,  with  two  proportionals  of  water.     The  stearic  acid  (which  is  the 
substance  of  which  the  stearine  candles  are  composed)  may  be  obtained  bf 
causing  the  stearic  acid  to  combine  with  a  stronger  base,  such  as  lime  or 
potash,  and  then  setting  it  free  from  this  by  a  stronger  acid.     Margarim 
exists  in  small  quantity,  along  with  stearine,  with  most  fats;  but  it  is  the 
principal  solid  constituent  of  human  fat,  which  in  this  respect  resemblef 
olive  oil,  rather  than  the  other  animal  fats.     It  corresponds  with  stearine  in 
many  of  its  properties;  but  it  is  much  more  soluble  in  alcohol  and  ether* 
and  it  melts  at  118^.     Its  composition  is  analogous  (except  in  the  presence 
of  an  additional  atom  of  water)  to  that  of  stearine,  to  which  indeed  it  bean 
a  close  relation, — margaric  acid  being  procurable  from  stearic  acid,  by  sub- 
jecting it  to  dry  distillation.     Olein  exists  in  small  quantity  in  the  varioni 
solid  fats;  but  it  constitutes  the  great  mass  of  the  liquid  fixed  oils.     The 
tendency  of  these  to  solidification  by  cold  depends  upon  the  proportion  of 
stearine  or  margarine  they  may  contain;  for  olein  itself  remains  fhiid  at  the 
zero  of  Fahrenheit's  thermometer.   It  is  soluble  in  cold  ether,  from  which  it 
can  only  be  separated  by  the  evaporation  of  the  latter.     Its  composition  ii 
analogous  to  that  of  margarine;  for  it  consists  of  two  proportionals  of  oleic 
acid  united  with  one  of  glycerine  and  two  of  water.    Glycerin^  the  base  of  aD 
the  fatty  acids,  may  be  obtained  from  any  fatty  matter  by  saponifying  it  with 
an  alkaline  base,  by  which  this  compound  is  set  free.   It  cannot  be  obtained 
in  a  solid  form,  but  may  be  brought  to  the  consistence  of  a  thick  syrup.    It 
dissolves  in  water  and  alcohol;  but  is  insoluble  in  ether.     It  has  a  sweetish 
taste,  whence  its  name  is  derived;  and  it  is  remarkable  for  its  solvent  powers, 
which  are  scarcely  inferior  to  those  of  water.     It  is  regarded  as  a  hydrated 
oxyde  of  a  hypothetical  base,  glyceryl,  the  composition  of  which  is  stated 
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by  Liebig  to  be  six  Carbon  united  with  seven  Hydrogen.  Glycerin  is  com- 
posed of  one  proportional  of  this,  with  five  Oxygen  and  one  Water.  The 
following  table  represents  the  composition  of  the  fatty  acids,  and  of  the 
compounds  just  mentioned. 

Stearic  Acid  .  .  68  Carbon,  66  Hydrogen,  5  Oxygen. 
Margaric  Acid  .  .  34  Carbon,  33  Hydrogen,  3  Oxygen. 
Oleic  Acid   ...     44  Carbon,  39  Hydrogen,  4  Oxygen. 

Stearine.  Margarine.  Oleine. 

1  atom  of  glycerine       6  c,      7  h,     5  o       6  c,     7  u,  5  o      6  c,    7  h,  5  o 

2  atoms  of  acid  .  .  136  c,  132  h,  10  o  68  c,  66h,  6o  88  c,  78  h,  8  o 
Water  (1  or  2  atoms)  2h,    2o  1h,  lo  2h,  2o 


Total 142  c,  141  H,  17  o     74  c,  74  h,  12o  94  c,  87  h,  16  o 

619.  Besides  the  support  combined  with  facility  of  movement,  which 
Fat  affords  to  the  moving  parts  of  the  body,  it  answers  the  important  pur- 
pose of  assisting  the  retention  of  the  animal  temperature  by  its  non-con- 
ducting power.  When  nutriment  (especially  of  an  oily  character)  is 
absorbed  in  a  quantity  more  than  sufficient  for  the  wants  of  the  system, 
there  is  a  deposition  of  the  superfluous  amount  in  the  form  of  fat;  and  this 
serves  as  a  kind  of  reservoir  of  assimilable  matter  against  the  time  of  need. 
Herbivorous  animals,  whose  food  is  scanty  during  the  winter,  usually 
exhibit  a  strong  tendency  to  such  an  accumulation,  during  the  latter  part 
of  the  summer;  and  the  store  thus  laid  up  is  consumed  during  the  winter. 
Some  physiologists  regard  the  fatty  matter  of  the  chyle  as  the  chief  source 
of  the  carbonic  acid  thrown  off  by  respiration;  and  consider  fat  as  a  store 
of  fuel  laid  up  for  the  same  purpose.  In  this  idea  there  may  be  much 
truth;  but  there  is  clear  evidence  that  there  must  be  other  sources  of  the 
formation  of  carbonic  acid  in  the  tissues;  and  it  is  also  clear  that  a  part  of 
the  fat  so  laid  up,  is  capable  of  being  converted  into  the  materials  for  the 
general  nutrition  of  the  body  (§  465). 

620.  We  have  to  speak  of  the  Epidermic  tissues,  which  were  long 
described  as  altogether  inorganic  in  their  character,  but  which  are  now 
known  to  have  the  same  origin  with  all  the  rest.  The  epidermis  consists 
of  a  series  of  flattened  scale-like  cells,  which,  when  first  formed,  are 
spheroidal,  but  which  gradually  dry  up,  their  nucleus  still  remaining 
visible.  These  form  several  layers,  of  which  the  deepest  can  be  seen  very 
distinctly  to  possess  the  vesicular  character,  whilst  the  exterior  layers  are 
scaly;  and  between  these,  all  stages  of  transformation  can  be  traced.  The 
oater  layers  are  continually  being  thrown  oflT  by  desquamation;  and  new 
ones  are  as  constantly  being  formed  below,  from  organizable  matter  exuded 
by  the  true  skin.  What  has  been  termed  the  rete  mucosum  is  simply  the 
last  formed  portion  of  the  cuticle;  in  the  Negro,  some  of  the  cells  bear  a 
pretty  strong  resemblance  to  pigment-cells.  The  epidermic  membrane, 
which  is  formed  by  this  aggregation  of  cells,  is  pierced  by  the  excretory 
ducts  of  the  sebaceous  and  sweat-glands,  and  also  by  the  shafts  of  the  hairs. 
Its  layers  become  more  numerous,  as  the  surface  is  rubbed;  the  corium 
being  thus  stimulated  to  an  increased  exudation.  The  chemical  constitu- 
tion of  this  tissue  is  of  peculiar  interest  in  relation  to  that  of  the  horny 
appendages  which  it  bears.  Recent  analysis  has  shown  that  the  mem- 
branous epidermis  of  the  sole  of  the  foot,  and  the  compact  horny  matter  of 
which  nails,  horn,  wool,  and  hair  are  coiUposed,  have  the  same  constitution; 
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the  formula  of  all  being  48  c,  39  h,  7  n,  17  o;  this  bears  a  close  relation  to 
protein,  and  may  be  regarded  as  consisting  of  one  proportional  of  protein 
with  1  atom  of  ammonia,  and  3  of  oxygen.  The  epidermis  covers  the 
whole  exterior  of  the  body,  not  excepting  the  cornea.  The  naih  may  be 
considered  as  nothing  more  than  an  altered  form  of  epidermis.  When  near 
their  origin  they  are  found  to  consist  of  ceils,  which  gradually  dry  iSto 
scales.  A  new  production  is  continually  taking  place  in  the  groove  of  the 
skin  in  which  the  root  is  imbedded,  and  probably  also  from  the  whole 
subjacent  surface.  It  will  hereafter  be  seen  that  hair  also  originates  in  the 
epidermis;  the  cells  of  the  latter  producing  fasciculi  of  fibres  within 
them  (§  635). 

621.  The  internal  free  surfaces  are  also  covered  with  a  kind  of  catide^ 
to  which  the  name  of  epithelium  is  given.     The  existence  of  an  epithelinm 
covering  the  mucous  membrane  of  the  first  part  of  the  alimentary  canal,  has 
long  been  known;  but  it  is  only  of  late  that  any  thing  analogous  to  it  hu 
been  supposed  to  exist  elsewhere.     The  epithelia  are  always  in  contact 
with  fluids,  and  remain  of  a  soft  and  pliant  nature;  they  do  not  nndeifo 
exfoliation  in  the  same  degree  with  the  cuticle,  being  less  exposed  lo 
external  influences;  but,  when  the  surface  is  denuded,  they  are  restored  in 
the  same  manner.     The  forms  presented  by  the  epithelial  cells  are  vanoos. 
The  two  chief,  however,  are  found  in  the  tesselate  or  pavement-^pithelioo, 
and  the  c^/inJer-epithelium.     The  free  edges  of  the  cells  are  sometimes 
fringed  with  cilia;*  and  the  epithelium  is  then  said  to  be  ciliated.    The 
tesselated  epithelium  covers  the  serous  and  synovial  membranes,  the  lining 
membrane  of  the  blood-vessels,  and  the  mucous  membranes  except  where 
the  cylinder-epithelium  exists.     The  cells  composing  it  are  usually  poly- 
gonal, and  their  number  of  layers  small;  in  many  instances  there  is  butt 
single  stratum.     A  very  good  example  of  it  will  be  shown  in  Fig.  70. 
The  tesselated  epithelium  which  covers  the  delicate  pia  mater  that  linei 
the  cerebral  cavities,  not  even  excepting  the  infundibulum  and  the  aqueduct 
of  Sylvius,  supports  an  abundance  of  very  active  cilia,  which  are  attached 
along  the  edges  of  its  cells. — The  cells  of  the  cylinder-epithelium  have  the 
form  of  long  cylinders,  or  rather  truncated  cones,  arranged  side  by  side, 
having  one  extremity  free,  and  the  other  seated  upon  the  subjacent  mem- 
brane; frequently  these  cylinders  seem  to  arise,  by  a  stalk-like  prolonga- 
tion, from  a  tesselate  epithelium  beneath.     Sometimes  each  cylinder  if 
formed  from  more  than  one  cell;  as  may  be  distinguished  by  the  number 
of  nuclei  which  they  contain.     Various  transitional  forms  may  be  detected 
at  the  points  at  which  the  cylinder  and  pavement-epithelia  pass  into  one 
another;  the  tesselated  scales  appearing  to  rise  more  and  more  from  the 
surface,  until  they  project  as  pedunculated  cells.    The  cylinder-epithelioo 
is  found  in  the  intestinal  canal,  beyond  the  cardiac  orifice;  in  the  larger 
ducts  of  the  salivary  glands;  in  the  ductus  communis  choledochus;  in  the 
prostate,  Cowper's  glands,  vesiculse  seminales,  vas  deferens,  tubuli  semi* 
nifori,  and  urethra.    In  all  these  situations  it  is  continuous  with  the  tesselate 
epithelium;  the  latter  lines  the  more  delicate  canals  of  the  various  glands. 
The  cylinders  are  often  fringed  with  cilia  at  their  extremities;  and  the 
motions  of  these  are  towards  the  natural  outlets  of  the  cavities  or  canab 
they  cover.     Such  an  epithelium  is  found  lining  the  nasal  cavities,  the 
frontal  sinuses,  maxillary  antra,  lachrymal  ducts  and  sac,  the  posterior 
surface  of  the  pendulous  velum  of  the  palate  and  fauces,  the  Eustachian 

•  See  Art.  Cilia  in  Cyclop,  of  Anal,  and  Pbys.  and  Priuc.  of  Qtn,  and  CooiP' 
Phys.,  S  146. 
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tube,  the  larynx,  trachea,  and  bronchi,  lo  the  finest  divisions  of  these  last 
(where  it  becomes  tesselaie,  but  still  ciliated),  the  upper  portion  of  the 
vagina,  ihe  uterus,  and  the  Fallopian  tobes.  The  function  of  ihe  cilia  is 
probably  lo  propel  the  viscid  secretions,  ihat  would  otherwise  accumulate 
on  these  membranes,  towards  the  exterior  orifices  from  which  they  may 
be  removed. 

{The  following  clear  and  excellent  descriplion  of  cilia,  by  Dr.  Todd 
and  Mr.  Bowman,  the  Editor  has  been  induced  lo  introduce  in  this  place, 
to  supply  the  deficiency  in  the  text. 

Certain  surfaces,  which  are,  in  their  natural  and  healthy  state,  lubricated 
by  fluid,  are  covered  with  a  multitude  of  hair-like  processes,  of  extreme 
delicacy  of  structure  and  minuteness  of  size  These  are  called  etlia  from 
cilium,  an  eye-lash.  They  are  generally  conical  in  shape  being  attached 
by  their  bases  to  the  epithelium  that  covers  the  surface  on  wh  ch  they  play 
and  tapering  gradually  to  a  point;  or  as  Purkinje  and  Valentin  sta  e  they 
are  more  or  less  flattened  processes  of  which  the  free  extremtt  ee  are 
rounded;  and  this  latter  form  prevails  in  ihe  human  subject  They  vary 
in  length  from  the  -y^  lo  the  -f  j^nnr  '^^  '"^  ""'^  They  are  d  sposed  in 
rows,  and  are  adapted  in  their  arrangement  to  Ihe  shape  and  extent  of  ihe 
mrface  to  which  they  belong;  they  adhere  to  the  ed^s  or  to  a  portion  of 
the  surface,  of  Ihe  particles  of  thp  epihelura  preferring  the  columnar 
variely  of  them. 

During  life,  and  for  a  certain  penod  after  death  these  filaments  exhibit  a 
remarkable  movement,  o" 
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eacn  cilium  bends  rapidly  in  one 
direction,  and  returns  again  to 
the  quiescent  state.  The  mo- 
lion,  when  viewed  under  a  high 
magnifying  power,  is  singularly 
besDttful,  presenting  an  appear- 
ance somewhat  resembling  that 
of  a  field  of  corn  agitated  by  a 
steady  breeze.  Any  minute  ob- 
jects coming  in  contact  with  the 
free  extremities  of  the  cilia  are 
hnrried  rapidly  along  in  the  di- 
lectioD  of  the  predominant  move- 
ment; one  or  more  blood-discs, 
aeetdentally  present,  will  some- 
times pass  rapidly  acrosa  the 
field,  propelled  in  this  way,  and 
very  minute  particles  of  pow- 
dered charcoal  may  be  conveni- 
ently nsed  to  exhibit  this  phe- 
nomenon, and  lo  indicate  the  di- 
rection of  the  movement.  The  action  of  the  cilia  produces  a  current  in 
Ihe  surrounding  fluid,  the  direction  of  which  is  shown  by  Ihe  course  which 
the  propelled  parucles  take. 

An  easy  way  to  observe  this  phenomenon  is  lo  detach  by  scraping  with 
8  knife  a  few  scales  of  epithelium  from  the  back  of  the  throat  of  a  living 
fn^.  These,  moistened  with  water  or  serum,  will  continue  to  exhibit  the 
movement  of  iheir  adherent  cilia  for  a  very  considerable  time,  provided  the 
piece  be  kept  duly  moistened.    On  one  occasion  we  observed  a  piece 
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prepared  in  this  way  exhibit  motion  for  seventeen  hours;  and  it  would 
probably  have  continued  doing  so  for  a  longer  time,  had  not  the  moisture 
around  it  evaporated.  However,  Purkinje  and  Valentin  have  observed  it 
to  last  for  a  much  longer  time  than  this  in  connection  with  the  body  of  the 
animal.  In  the  turtle,  after  death  by  decapitation,  they  found  it  lasted,  in 
the  mouth,  nine  days;  in  the  trachea  and  the  lungs,  thirteen  days;  and,  in 
the  oesophagus,  nineteen  days.  In  frogs,  from  which  the  brain  had  been 
removed,  it  lasted  from  four  to  five  days.  The  longest  time  they  observed  it 
to  continue  in  man  and  mammalia  was  two  days;  but  in  general  it  did  not  last 
nearly  so  long.  What  appears  to  be  immediately  necessary  to  the  contin- 
uation of  the  movement,  is  the  integrity  of  the  epithelial  cells  to  which  the 
cilia  adhere;  for  as  soon  as  these  shrink  up  for  want  of  moisture,  or  become 
physically  altered  by  chemical  reagents  or  by  the  progress  of  putrefaction, 
the  cilia  immediately  cease  to  play. 

From  these  facts  we  learn  two  important  points  in  connection  with  thii 
phenomenon.     The  first  is,  the  truly  molecular  character  of  the  movement 
Whatever  be  the  immediate  cause  of  the  action  of  the  cilia,  it  is  evidently 
intimately  connected  with  the  minute  epithelial  particles  to  which  they  are 
attached;    for  cilia  never  exist  in  man  and  the  higher  animals  withoot 
epithelial  particles,  and  these  particles  have  no  organic  connection  with  the 
subjacent  textures,  excepting  such  as  may  arise  from  simple  adhesioo. 
And,  secondly,  we  perceive,  that  this  movement  is  independent  of  both 
the  vascular  and  the  nervous  systems,  for  it  will  continue  to  manifest  itself 
for  many  hours  in  a  single  particle  isolated  from  the  rest  of  the  system. 
After  death  it  remains  longer  than  the  contractility  of  muscle;  a  circum- 
stance which,  together  with  the  facts  just  mentioned,  indicates  that  the 
cilia  cannot  be  moved  by  litde  muscles  inserted  into  their  bases,  as  some 
have  supposed.     And  experiment  also  shows  this  independence.     If  the 
abdominal  aorta  be  tied,  the  muscles  of  the  lower  extremities  will  be  pan- 
lyzed  in  consequence    of   their  being  deprived  of  their  blood;   and  on 
removing  the  ligature,  and  allowing  the  blood  to  flow,  the  muscles  will 
recover  themselves.     But  a  ciliated  surface  is  not  aflected  at  all  in  its 
movements,  though  the  supply  of  blood  to  the  subjacent  tissues  be  com- 
pletely cut  off.     Again,  hydrocyanic  acid,  opium,  strychnine,  belladonnt, 
substances  which  exert  a  powerful  effect  on  the  nervous  system,  produce 
no  influence  upon  ciliary  motion:  in  the  bodies  of  animals  killed  by  these 
poisons,  the  plienomenon  is  still  conspicuous;  and  even  the  local  applica- 
tion of  them  does  not  hinder  it,  provided  the  solutions  do  not  injure  the 
epithelial  texture.     Shocks  of  electricity  passed  through  the  ciliated  parts, 
do  not  affect  the  movement.     Lastly,  the  removal  of  the  brain  and  spinal 
cord  in  frogs,  by  which  all  muscular  movements  are  destroyed,  does  not 
stop  the  action  of  the  cilia.     This  striking  fact  may  likewise  be  adduced 
to  disprove  the  supposition,  that  these  movements  result  from  the  acuon  of 
minute  muscles;  for,  although  muscles  may  be  excited  to  contract  withoot 
nerves,  we  have  no  instances  in  the  higher  animals  in  which  they  habitually 
act  without  the  interference  of  the  nervous  system;  nor  is  it  likely  that  a 
movement  existing  over  so  extended  a  surface,  as  that  by  the  cilia,  wouMi 
if  effected  by  muscles,  be  independent  of  nervous  influence. 

Alterations  of  temperature  affect  the  ciliary  motion,  owing,  doubtless,  to 
the  physical  change  they  induce  in  the  epithelial  particles.  In  warm- 
blooded animals  it  ceases  on  a  reduction  of  the  temperature  below  43°  F> 
In  cold-blooded  animals,  however,  it  continues  even  at  32°.  In  all,  a  very 
liigh  temperature  eflectually  puts  a  stop  to  it.  It  is  interesting  to  notice, 
that  all  observers  agree  in  stating,  that  blood  is  the  best  preservative  of  tbe 
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ciliary  motion,  but  the  blood  of  Vertebrata  destroys  it  in  the  In  vertebra  ta. 
Bile  puts  a  stop  to  it,  very  probably  by  reason  of  its  thick  and  viscid 
nature,  and  not  from  any  chemical  influence. 

This  phenomenon  exists  most  extensively  in  the  animal  kingdom.  It 
has  been  found  in  all  the  vertebrate  classes;  and  in  the  Invertebrata  like- 
wise, with  the  exception  of  the  Crustacea,  arachnida,  and  insects.  It  is  the 
agent  by  which  the  remarkable  rotation  of  the  embryo  in  the  ova  of  Mol- 
lusca  is  effected;  and  it  occurs  on  the  surface  of  the  ova  of  polypes  and 
sponges.  The  bodies  of  some  of  the  Infusoria  are  covered  with  cilia, 
which  are  apparently  employed  by  them  as  organs  of  locomotion,  and  for 
the  prehension  of  food  (fig.  55,  (/,  g). 

In  man,  the  ciliary  motion  has  been  ascertained  to  exist  on  several  sur- 
faces:— 1.  On  the  surface  of  the  ventricles  of  the  brain  and  on  the  choroid 
plexuses.  So  delicate  are  the  cells  of  epithelium  here,  that  the  slightest 
mechanical  injury  destroys  them;  it  is,  therefore,  very  difficult  to  see  the 
movement.  Valentin  states  that  its  duration  is  considerable  in  tliQse  parts, 
so  that  it  may  be  seen  in  subjects  used  for  dissection.  2.  On  the  mucous 
membrane  of  the  nasal  cavities,  extending  along  the  roof  of  the  pharynx  to 
its  posterior  wall,  on  a  level  with  the  atlas,  on  the  upper  and  posterior  part 
of  the  soft  palate,  and  in  the  immediate  neighbourhood  of  the  Eustachian 
tube,  extending  through  the  tube  itself  to  the  cavity  of  the  tympanum. 
3.  On  the  membrane  lining  the  sinuses  of  the  frontal  bone,  the  sphenoid, 
and  the  superior  maxillary.  4.  On  the  inner  surface  of  the  lachrymal  sac 
and  lachrymal  canal.  5.  On  the  membrane  of  the  larynx,  trachea,  and 
bronchial  tubes.  6.  On  the  lining  membrane  of  the  female  organs  of 
generation.  It  does  not  exist  in  the  vagina;  but  it  may  be  traced  from  the 
lips  of  the  OS  uteri,  through  its  cavity,  and  through  the  Fallopian  tubes  to 
their  fimbriated  margins. 

In  nearly  all  these  instances  there  appears  to  be  a  mechanical  use  for  the 
ciliary  movement,  namely,  to  promote  the  expulsion  of  the  fluid  secreted 
by  the  surfaces  on  which  the  cilia  exist.  Wherever  the  direction  of  the 
motion  has  been  ascertained,  it  is  that  which  would  be  favourable  to  such 
a  purpose.  In  the  bronchial  tubes  and  trachea,  the  direction  of  the  motion 
is  towards  the  larynx,  so  that  the  cilia  may  be  regarded  as  agents  of 
expectoration.  In  the  nose  of  the  rabbit,  Dr.  Sharpey  observed  the 
impulse  to  be  directed  forwards,  and  in  the  maxillary  sinus  it  appeared  to 
pass  towards  the  back  part  of  the  cavity,  where  its  opening  is  situated.  In 
the  Fallopian  tube,  the  direction  is  stated  by  Purkinje  and  Valentin  to  be 
from  the  fimbriated  extremity  towards  the  vagina.  It  seems  very  probable 
that  ciliary  motion  exists  in  the  kidney,  at  the  narrow  neck  of  each  uri- 
niferous  tube,  as  it  passes  ofl*  from  the  capsule  of  the  Malpighian  body. 
This  has  not  been  actually  observed  in  the  human  subject.  It  was  dis- 
covered, and  has  been  frequently  seen  in  the  frog.*  The  movement  is  here 
directed  towards  the  uriniferous  tube,  and  it  doubtless  is  destined  to  favour 
the  flow  of  the  aqueous  portion  of  the  secretion  from  the  capsule  of  the 
tube. 

In  the  inferior  animals  the  cilia  seem  to  answer  a  similar  end  to  that  in 
man.  They  exist  extensively  on  respiratory  surfaces,  and  in  connection 
with  the  generative  organs;  and  also,  but  to  a  less  degree,  with  the  organs 
of  digestion.  But  in  some  situations,  both  in  man  and  in  the  inferior 
creatures,  it  is  difficult  to  determine  what  functions  the  ciliary  motion  can 
perform.     Such  are,  in  man,  the  ventricles  of  the  brain;  and,  in  the  frog, 

♦  Bowman,  Phil.  Trans.,  1842. 
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the  closed  cavities  of  the  pericardium  and  peritoneum.     Here  there  are  no 
excretory  orifices,  towards  which  the  current  might  set. 

What  is  the  cause  of  ciliary  motion?  We  have  shown  it  to  be  inde- 
pendent of  the  blood  and  of  the  nerves,  and  to  resist  those  depressing 
causes  which  usually  put  a  stop  to  the  action  of  contractile  tissue.  It 
requires  for  its  continuance  three  conditions:  a  perfect  epithelium  cell; 
moisture,  not  of  too  great  density;  and  a  temperature  within  certain  limits. 
From  Schwann's  observations  it  appears  that  cells  exhibit  a  power  of 
endosmose;  that  a  chemical  change  occurs  in  the  fluids  in  contact  with 
them;  and  that  a  movement  of  their  internal  granules  may  be  seen  nnder 
certain  circumstances.  If  ciliated  epithelium  cells  exert  an  attraction  of 
endosmose  upon  the  surrounding  fluid,  may  not  this  physical  phenomenon 
afford  a  clue  to  determine  the  cause  of  the  movement? 

A  very  remarkable  movement  is  manifested  by  certain  particles  found  in 
the  secretion  of  the  testicle,  which  prevails  most  extensively  throaghont 
the  animal  series,  and  is  even  found  among  plants.  From  the  regularity  of 
these  movements  and  their  resemblance  to  those  of  minute  animals,  a  place 
had  been  assigned  by  naturalists  to  the  particles  in  question,  in  their  zoolo- 
gical classifications,  under  the  name  *^Cercariae  ^emmt^,"  Spermatozoa*  or 
Spermatic  animalcules,  and  Ehrenberg  refers  them  to  the  Hanstellate 
Entozoa  (§  734).  These  particles  consist  chiefly  of  a  long  filament  or  tail, 
which  is  sometimes  swollen  at  one  extremity,  to  form  the  body  of  the  sup- 
posed animalcule.  The  motions  consist  in  a  sculling  action  of  the  tail,  or  a 
slight  lateral  vibration  of  it.  In  many  of  its  conditions  it  closely  resembles 
ciliary  motion;  and  its  duration  after  death,  or  after  the  separation  of  the 
fluid,  is  pretty  much  the  same  as  that  of  the  ciliary  movements.  The 
particles  are  extremely  minute,  even  measured  in  their  length;  but  espe- 
cially so  in  thickness.  They  are,  therefore,  well  adapted  to  obey  those 
impulses  which  we  have  shown  to  be  capable  of  giving  rise  to  molecular 
motions. — M.  C.j 

622.  It  is  interesting  to  observe  that  the  Epidermoid  tissues  have  the 
simplest  structure  of  any  solid  parts  in  the  whole  animal  body;  and  that  thej 
are  the  most  readily  renewed.  There  appears  no  limit  to  their  power  of 
reproduction;  but,  when  once  formed,  they  undergo  no  change,  except  in 
the  loss  of  their  fluids.  Their  development  and  growth  depend  only  upon 
the  exudation  of  the  plastic  elements  of  the  blood,  in  contact  on  one  side 
with  a  living  surface;  whilst  their  exposure  on  the  other  side  to  the  air  is  t 
constant  source  of  their  death  by  desiccation,  and  would  thus  prevent  themi 
even  if  they  were  otherwise  able,  from  passing  on  to  a  higher  grade  of  organi- 
zation. Their  function  is  evidently  of  a  simply  protective  character.  It  maybe 
remarked  that,  as  far  as  yet  known,  cilia  are  nowhere  found  except  in  con- 
nection with  epithelium  cells. 

623.  In  several  of  the  Cartilages,  the  cellular  structure  is  very  obvious, 
whilst  in  others  it  has  undergone  a  transition  to  the  fibrous.  In  all,  however, 
the  early  stage  of  formation  appears  to  be  the  same.  The  structure  origi- 
nates in  cells  analogous  to  those  of  which  the  rest  of  the  fabric  is  composed; 
but  between  these  cells  a  larger  quantity  than  usual  of  hyaline  or  intercd* 
lular  substance  is  deposited;  and  the  amount  of  this  substance  continues  in- 
creasing simultaneously  with  the  bulk  of  the  cells.  The  original  cells  are 
pushed  farther  and  farther  from  one  another;  but  new  cells  arise  between 
them,  from  cytoblasts  which  are  formed  in  the  hyaline  substance.  The  first 
cells  frequently  produce  two  or  more  young  cells  from  their  nuclei;  and  tho« 
it  is  very  common  to  meet  with  groups  of  such  cells,  which  are  known  under 
the  name  of  cartilage-corpuscles.     The  varieties  in  the  persistent  cartilages 
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principally  depend  upon  the  degree  of  organization  which  subsequently  takes 
place  in  the  intercellular  substance.  If  a  mass  of  fibres  analogous  to  those 
of  the  fibrous  membranes  (§  639)  should  originate  in  it,  the  cartilage  presents 
a  more  or  less  fibrous  aspect;  in  some  instances  the  fibrous  structure  is  de- 
veloped so  much,  at  the  expense  of  the  cells,  that  the  latter  disappear  alto- 
gether, and  the  whole  structure  becomes  fibrous.  Sometimes  the  fibres 
which  are  developed  are  rather  analogous  to  those  of  the  elastic  tissue  (§  639); 
these  are  disposed  around  the  cells,  forming  a  kind  of  network  in  the  areolae 
of  which  they  lie;  and  this  form  of  cartilage  may  be  termed  the  elastic.  The 
cartilages  which  are  destined  to  become  bone  differ  in  structure  from  all 
these,  but  have  the  same  origin;  and  when  partial  ossific  deposits  take  place 
in  old  age,  it  is  almost  invariably  in  the  cellular  cartilage  that  they  occur. 
The  cartilaginous  septum  narium,  the  cartilages  of  the  alae  and  point  of  the 
nose,  the  semilunar  cartilages  of  the  eyelids;  the  cartilages  of  the  larynx  (with 
the  exception  of  the  epiglottis),  the  cartilage  of  the  trachea  and  its  branches, 
the  cartilages  of  the  ribs  in  man,  and  the  ensiform  cartilage  of  the  sternum, 
retain  for  the  most  part  their  primitive  cellular  organization.  The  fibrous 
structure  is  seen  in  all  the  cartilages  which  unite  the  bones  by  synchondrosis; 
this  is  the  case  in  the  vertebral  column  and  pelvis,  the  cartilages  of  which 
are  destitute  of  corpuscles,  except  in  and  near  their  centres.  In  the  lower 
Vertebrata,  however,  and  in  the  early  condition  of  the  higher,  the  fibrous 
structure  is  confined  to  the  exterior,  and  the  whole  interior  is  occupied  by 
the  ordinary  cartilaginous  corpuscles.*  The  reticular  structure  is  best  seen 
in  the  epiglottis  and  in  the  concha  auris:  in  the  former  of  these,  scarcely  any 
trace  of  cartilage  corupscles  remains;  in  the  latter,  the  network  disappears 
by  degrees  towards  the  extremity  of  the  concha,  and  the  structure  gradually 
passes  into  the  cellular  form. 

624.  The  substance  that  gives  to  the  cellular  cartilages  their  peculiar  cha- 
racter, has  received  the  designation  of  cAone/rtn.  It  bears  much  resemblance 
to  ordinary  gelatin,  but  requires  longer  boiling  in  water  for  its  solution;  the 
solution  fixes  on  cooling,  like  that  of  gelatin,  and  when  it  becomes  dry  by 
evaporation,  it  has  the  appearance  of  solid  glue.     Chondrin  is  not  precipi- 
tated, however,  by  tannic  acid;  on  the  other  hand,  it  gives  precipitates  with 
acetic  acid,  alum,  acetate  of  lead,  and  protosulphate  of  iron,  which  do  not  dis- 
turb a  solution  of  gelatin.     Its  chemical  constitution  chiefly  differs  from  that 
of  gelatin  in  containing  less  nitrogen  and  more  hydrogen;  its  formula  (as 
ascertained  by  analysis  before  boiling)  is  48  c,  40  h,  6  n,  20  o;  and  it  may 
thus  be  regarded  as  composed  of  1  atom  of  protein  with  2  additional  atoms 
of  oxygen,  and  4  proportionals  of  water.   Chondrin  is  not  obtainable,  how- 
ever, from  any  of  the  fibro-cartilages  except  the  cornea;  these  yield  gelatin, 
on  boiling,  exactly  similar  to  that  of  the  tendons.     The  elastic  cartilages, 
after  being  boiled  for  several  days,  yield  a  small  quantity  of  an  extract  which 
does  not  form  a  jelly,  but  which  has  the  other  chemical  properties  of  chon- 
drin.    The  cartilage  of  bone,  before  ossification,  yields  only  chondrin;  after 
ossification,  however,  it  affords  only  gelatin;  and  it  is  curious  that,  even 
when  bony  deposits  take  place  in  the  permanent  cartilages,  the  ossified  por- 
tion contains  ordinary  gelatin  in  the  place  of  chondrin.     Many  of  the  carti- 
lages naturally  contain  a  large  proportion  of  mineral  matter;  this  is  especially 
the  case  with  the  costal  cartilages,  fractures  in  which  are  generally  repaired 
by  osseous  substance.     The  ash  left  by  the  calcination  of  these  contains  a 
large  proportion  of  the  carbonate  and  sulphate  of  soda,  together  with  car- 
bonate of  lime  and  a  small  proportion  of  phosphate;  as  age  advances,  the 
phosphate  of  lime  predominates,  and  the  soluble  compounds  diminish.  The 
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condition  of  the  skeletons  of  the  cartilaginous  fishes  appears  to  be  neariv 
allied  to  this. 

625.  Like  the  tissues  already  described,  Cartilage  (at  least  in  its  simplest 
form)  is  nourished  without  coming  into  direct  relation  with  the  blood  through 
the  medium  of  blood-vessels.     From  the  recent  inquiries  of  Mr,  Toynbee,* 
it  appears  that  the  cellular  Cartilages  are  never  penetrated  by  vessels  in  the 
healthy  state,  although  in  certain  diseai^ed  conditions  they  become  distinctly 
vascular.     When,  however,  they  are  undergoing  ossification,  large  vesself 
are  seen  in  them;  and  these  vessels  remain  even  when  the  bone  is  fully 
formed.     This  is  well  seen  in  the  long  bones  towards  their  extremities.   At 
an  early  period  of  fcetal  life,  there  is  no  distinction  between  the  cartilage  that 
is  ultimately  to  become  the  osseous  epiphysis,  and  that  which  is  to  remain 
as  articular  cartilage;  both  are  alike  cellular,  and  the  vessels  that  supply 
them  with  nutrient  materials  penetrate  no  further  than  their  surfaces.    At  a 
subsequent  period,  however,  when  the  ossification  of  the  epiphysal  cartilage 
is  about  to  commence,  vessels  are  prolonged  into  it;  and  a  distinct  line  of 
demarcation  is  seen  betwixt  the  vascular  portion,  which  is  to  be  converted 
into  bone,  and  the  non-vascular  portion,  which  is  to  remain  as  cartilage.  At 
this  period  the  articular  cartilage  is  nourished  by  a  plexus  of  vessels  spread 
over  its  free  surface,  beneath  its  synovial  membrane,  as  well  as  by  the  vessels 
with  which  it  comes  into  contact  at  its  attached  extremity.     Towards  tfie 
period  of  birth,  however,  the  sub-synovial  vessels  gradually  recede  from  the 
surface  of  the  artictdar  cartilage;  and  at  adult  age  they  have  entirely  left  it, 
though  they  still  form  a  band  which  surrounds  its  margin.     At  the  same 
time,  the  line  of  demarcation  between  its  attached  surface  and  the  subja- 
cent bone  becomes  more  distinct,  by  the  formation  of  a  thin  lamella  at  die 
surface  of  the  latter,  which  covers  the  subjacent  cancelli,  and  is  of  extremeij 
solid  texture,  not  containing  any  perceptible  foramina  through  which  veseeli 
could  pass.     The  vessels  of  the  cancelli,  however,  are  very  large,  and  have 
the  same  dilated  or  varicose  character  with  those  which,  at  an  earlier  period* 
cover  the  surface  of  the  cartilage.     It  appears  that  the  articular  cartilage  ii 
gradually  becoming  ossified  through  the  whole  of  life;  in  old  age  it  issoooe- 
times  almost  completely  converted  into  bone.      From  Mr.  Toynbee's  re- 
searches it  further  appears,  that  the  fibrous  cartilages  are  somewhat  vascoltf; 
but  that  the  vessels  do  not  extend  to  the  cellular  portions,  where  such  exist. 
No  vessels  can  be  traced  (according  to  Mr.  T.)  into  the  substance  of  the  true 
cornea,  which,  contrary  to   the  statement  of  MUller,  is  a  cellular  rather  thin 
a  fibrous  cartilage.     The  cells  are  not  so  numerous  as  those  of  the  articoltf 
cartilages;  and  they  are  surrounded  by  a  plexus  of  bright  fibres,  laxly  cob- 
nected  together,  so  as  to  resemble  cellular  tissue.     Two  sets  *of  vessels,! 
superficial  and  a  deep-seated,  surround  the  margin  of  the  cornea.     The  arte- 
ries of  the  former  are  prolonged  for  a  short  distance  upon  the  conjunctivsl 
membrane,  which  forms  the  outer  lamina  of  the  cornea;  but  they  terminste 
in  veins  at  from  J  to  s  a  line  from  its  margin.     The  deep-seated  vessels  be- 
long to  the  cornea  proper;  but  they  do  not  enter  it,  the  arteries  terminatinf 
in  veins  just  where  the  tissue  of  the  sclerotic  becomes  continuous  withthit 
of  the  cornea.     In  diseased  conditions  of  the  cornea  (as  of  the  articular  ctf^ 
tilages)  both  sets  of  vessels  extend  themselves  through  it;  the  superficid 
not  unfrequently  form  a  dark  band  of  considerable  breadth  round  its  margis; 
whilst  the  deep-seated  are  prolonged  into  its  entire  substance.     Notwith- 
standing the  absence  of  vessels  in  the  healthy  condition  of  this  structure* 
incised  wounds  commonly  heal  very  readily,  as  is  well  seen  after  the  open- 
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tion  of  extraction  of  cataract;  but  the  foregoing  details  make  evident  the  im- 
portance of  not  carrying  the  incision  further  round  than  is  necessary,  since 
the  corneal  tissue  should  not  be  cut  off  from  the  supply  of  nourishment 
afforded  by  the  vessels  in  its  immediate  proximity. 

626.  In  connection  with  the  cornea,  it  is  natural  to  allude  to  the  Crystal- 
line lens  and  vitreous  humour,  which  have  a  structure  essentially  the  same. 
The  structure  of  the  crystalline  lens  has  long  been  known  to  be  fibrous;  and 
Sir  D.  Brewster  has  shown,  by  the  aid  of  polarized  light,  the  very  beautiful 
manner  in  which  the  fibres  are  arranged.*     They  are  united  into  laminae, 
by  means  of  numerous  teeth  or  sinuosities  at  their  edges,  which  lock  into 
one  another.     That  these  fibres  originate  in  cells  has  been  clearly  ascer- 
tained; but  the  nature  of  the  metamorphosis  has  been  differently  stated  by 
two  eminent  observers,  Schwann  and  Barry.     By  the  former,  the  fibres  are 
considered  to  be  prolonged  cells:  whilst  the  latter  regard  them  as  rather 
formed  upon  the  plan  of  the   tubes  of  muscular  fibre   ($  374),  several 
cells  coalescing  into  one;  in  this  he  is  supported  by  Mr.  Toynbee,  who 
states  that  he  has  frequently  seen  the  fibres,  towards  the  margin  of  the 
lens,  made  up  of  such  cells.     It  is  considered  by  Dr.  B.  that  the  forma- 
tion of  the  crystalline  lens  affords  one  of  the  best  examples  of  the  con- 
version of  blood-corpuscles  into  organized  tissue.     After  it  is  fully  formed, 
however,  it  is  not  permeated  by  blood-vessels;  these  being  confined  to 
the  capsule.     During  the  early  part  of  foetal   life,  and  in  inflammatory 
conditions  of  this  membrane,  both  the  anterior  and  posterior  portions  of 
the  capsule  are   distinctly  vascular;    but  at  a  later   period,  according   to 
Mr.  Toynbee,  the  posterior  half  only  of  the  capsule  has  vessels  distri- 
buted over  its  surface;  and  these  are  derived  from    the  arteria  centralis 
retime.     From  optical  experiments  which  have  been  suggested  to  him  by 
this  circumstance,  he  infers  that.  **  objects  (radiating  lines  for  instance) 
sitoated  on  the  anterior  surface  of  the  crystalline  lens,  produce  an  indis- 
tinctness in  the  image  which  is  formed  upon  the  retina;  whereas,  when 
these  lines  exist  upon  the  posterior  surface  of  the  lens,  the  image  is  clear.'* 
The  substance  of  the  lens  contains  about  42  per  cent,  of  animal  matter, 
with  58  parts  of  water.     Nearly  the  whole  of  the  former  may  be  dissolved 
in  cold  water  by  trituration;  the  solution  is  coagulated  by  heat,  and  forms  a 
granular  but  not  a  coherent  mass;  alcohol  and  acids  produce  the  same  effect. 
Hence  it  appears  that  the  lens  chiefly  consists  of  albumen  in  its  soluble 
form;  and  this  may  be  supposed  to  be  contained  in  the  cavities  of  the  cells, 
as  it  is  in  those  of  the  vitreous  humour.   From  the  latest  analyses,  it  appears 
that  the  substance  of  the  lens  corresponds  with  that  modification  of  albumen 
which  forms  the  globulin  of  the  blood  (§  575); — a  circumstance  that  gives 
support  to  Dr.  Barry's  doctrine.     In  the  Vitreous  humour  we  have  an 
example  of  a  very  loose  form  of  vascular  tissue,  strongly  resembling  that 
which  constitutes  the  entire  structure  of  the  Acalephee  (Jelly-fish).     That 
the  cells  composing  it  have  no  open  communication  with  each  other,  is  evi- 
dent from  the  fact  that,  when  the  general  enveloping  membrane  is  punctured 
in  several  places,  it  is  long  before  the  contained  fluid  entirely  drains  away. 
This  fluid  is  analogous  to  that  of  the  Aqueous  humour,  being  little  else  than 
water  holding  a  small  quantity  of  albumen  and  saline  water  in  solution. 
From  Mr.  Toynbee's  inquiries  it  would  appear,  that  the  vessels  which  pass 
through  the  vitreous  humour  do  not  send  branches  into  its  substance;  but 
that  it  is  nourished  by  the  vessels  which  are  minutely  distributed  upon  its 
general  envelope.    The  ciliary  processes  of  the  choroid  membrane  are 
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almost  entirely  composed  of  large,  plexiform  vessels^  which  allow  a  great 
quantity  of  blood  to  circulate  through  them;  and  these  have  probably  an  im- 
portant share  in  the  nutrition  of  the  vitreous  body. 

627.  In  all  the  tissues  hitherto  described,  the  structure  retains,  more  or 
less  completely,  its  original  cellular  character;  and  it  is  nourished  by  fluid 
supplied  to  it,  not  by  vessels  permeating  its  own  substance,  but  by  those 
of  the  nearest  vascular  part,  with  which,  therefore,  its  surface  only  can 
come  into  relation.     In  some  of  these  tissues,  especially  the  epidermic,  the 
parts  once  formed  would  seem  to  undergo  little  or  no  subsequent  vital 
change,  but  gradually  lose  their  connection  with  the  living  structure,  and 
are  at  last  thrown  off  and  replaced  by  newly-formed  parts.     In  these,  a 
constant  reproduction  is  taking  place;  and  such  tissues,  when  accidentally 
destroyed,  are  rapidly  regenerated!     This  is  readily  understood,  when  their 
very  close  proximity  with  an  extremely  vascular  membrane  is  considered; 
the  exudation  from  it  speedily  takes  the  form  of  a  layer  of  cells,  and  new 
ones  are  produced  below,  until  the  whole  thickness  of  the  cuticle  or  epithe- 
lium is  renewed.     The  epidermoid  tissues,  however,  are  placed,  by  their 
protective  function,  and  their  consequent  exposure  to  external  agencies,  in 
the  very  circumstances  which  render  such  a  regenerating  power  necessaiy; 
in  Cartilage,  on  the  other  hand,  it  is  not  required,  and  does  not  exist.   The 
functions  of  Cartilage  are  purely  mechanical;  the  consolidation  of  their  tex- 
ture by  internal  deposit  renders  it  little  disposed  to  change  by  spontaneous 
decay;  and  it  is  protected  by  its  toughness  and  elasticity  from  those  injuries 
to  which  softer  or  more  brittle  tissues  are  liable.   These  very  circumstances, 
however,  interfere  with  the  activity  of  its  nutrition.   Cells  which  are  choked 
up  with  interior  deposit  do  not  readily  transmit  fluid;  and  it  is  doubtful 
whether  any  interstitial  change  can  take  place  in  the  interior  of  a  perma- 
nent cartilage,  except  when  it  has  become  vascular  by  disease.     There  is  bo 
reason  to  suppose  that  cartilage  once  formed  undergoes  any  consideraUs 
alteration,  except  by  ossification,  through  tlie  whole  of  life;  and  there  seems 
ground  to  believe  that,  when  it  has  been  injured  by  disease  or  accident,  the 
loss  of  substance  is  not  repaired  by  real  cartilaginous  tissue.     On  the  other 
hand,  the  softer  tissues  of  the  eye  are  capable  of  complete  regeneratioo. 
Every  oculist  is  aware  that  a  great  loss  of  vitreous  humour  may  take  place 
without  permanent  injury;  and  it  has  been  found  that  even  the  crystalline 
lens  may  be  completely  regenerated,  after  it  has  been  entirely  removed  by 
extraction. 

628.  Proceeding  now  to  the  vascular  tissues,  in  which  the  processes  of 
interstitial  absorption  and  renewal  are  continually  taking  place,  we  com- 
mence with  Bone  as  the  one  which  has  the  most  evident  relations  to  those 
already  described. 

I  The  Editor  has  preferred  inserting  here  the  description  of  bone  in  Dr. 
Todd  and  Mr.  Bowman's  recent  work,  as  giving,  in  his  opinion,  the  best 
account  of  the  minute  anatomy  of  this  tissue  he  has  yet  seen. 

It  appears  from  the  researches  of  Mr.  Tomes,  about  to  be  published  is 
the  Cyclopaedia  of  Anatomy,  that  the  ultimate  structure  of  the  osseous  tissue 
is  granular.  The  granules  of  bone  are  often  very  distinctly  visible,  with- 
out any  artificial  preparation,  in  the  substance  of  the  delicate  spiculae  of  the 
cancelli,  viewed  with  a  high  power,  and  in  various  sections  of  all  forms  of 
bone.  They  may  be  generally  obtained  in  calcined  bone,  either  by  bruising 
a  fragment  of  it,  or  by  steeping  it  in  dilute  muriatic  acid:  they  may  also  be 
made  very  evident  by  prolonged  boiling  in  a  Papin's  digester.  The  granules 
vary  in  size  from  -^-^  to  y^^^^nr  ^^  ^"  mch*  In  shape  they  are  oval  or  ob- 
long, and  often  angular.  They  cohere  firmly  together,  possibly  by  the  me- 
dium of  some  second  substance.    In  some  few  instances  Mr.  Tomes  has 
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met  with  a  very  minute  network,  which  seems  adapted  to  receive  them  in 
its  interstices;  but  this  he  considers  to  require  confirmation. 

Where  bone  exists  naturally  in  an  exceedingly  attenuated  form,  it  may 
consist  of  a  mere  aggregation  of  these  granules,  unpenetrated  by  any  per- 
ceptible pores.  This  constitutes  the  simplest  form  under  which  the  tissue 
can  present  itself. 

But  all  the  osseous  tissue  with  which  the  human  anatomist  is  concerned 
is  of  such  bulk  as  to  contain  the  series  of  pores  and  cavities  already  alluded 
to  for  the  conveyance  of  fluid  from  and  to  its  vascular  surface.  These  pore^ 
always  advance  into  the  bone  from  open  orifices  on  its  surface.  They  soon 
arrange  themselves  in  sets,  each  of  which,  after  anastomosing  with  neigh- 
bouring ones,  discharges  itself  into  a  small  cavity  or  lacuna^  in  which  its 
individual  pores  coalesce.  From  the  sides  of  this  lacuna  other  pores  pass 
off  to  similar  cavities  in  the  vicinity,  and  others  proceed  from  its  opposite 
surface  to  penetrate  still  deeper  into  the  tissue.  These  pour  themselves  into 
another  lacuna,  or  divide  themselves  between  two  or  three,  which  are  con- 
nected in  like  manner  by  lateral  channels.  From  these  again  pass  others, 
which  pursue  an  onward  course  from  the  surface;  and  so  on  until  the  whole 
substance  of  the  bone  is  perforated  by  them.  The  pores  from  the  further 
side  of  the  extreme  lacunae  either  open  on  the  surface  of  the  bone  which 
they  may  now  have  reached,  or  else  take  a  recurved  direction  back  into  the 
tissue. 

When  this  beautiful  system  of  microscopic  pores  and  cavities  was  first 
seen,  it  was  not  recognised  as  such.  The  lacunae  were  imagined  to  be  solid 
corpuscles  (a  name  still  commonly  applied  to  them),  and  the  lines  radiating 
from  them  to  be  branching  threads  of  the  earthy  constituent  of  bone.  They 
may  be  proved  in  many  ways,  however,  to  be  real  excavations  in  the  tissue. 
With  a  sufficiently  high  power  their  opposite  walls  can  be  distinctly  seen, 
as  well  as  their  hollow  interior;  but  the  most  conclusive  evidence  lies  in  our 
being  able  to  fill  them  with  fluid.  If  a  dry  section  of  bone,  in  which  they 
are  very  apparent,  be  moistened  with  oil  of  turpentine  while  in  the  field  of 
the  microscope,  the  course  of  this  penetrating  material  can  be  witnessed,  as 
it  advances  into  the  tissue.  It  is  seen  to  run  quickly  along  the  pores  from 
the  Haversian  canals,  and  from  the  surface  of  the  specimen,  where  they  have 
been  cut  across.  Having  entered  a  lacuna,  it  suddenly  extends  along  the 
pores  radiating  from  it,  and,  through  these,  reaches  other  lacunae;  rendering 
the  tissue  transparent  by  filling  up  its  vacuities.  In  parts  where  air  has 
previously  occupied  the  vacant  spaces,  and  the  turpentii\^  cannot  displace 
it,  the  characteristic  appearance  of  minute  bubbles  is  often  present. 

The  lacunss  of  osseous  tissue,  if  examined  extensively  in  the  vertebrate 
class,  are  found  of  very  various  shapes:  sometimes  scarcely  to  be  distinguished 
from  the  pores,  of  which  they  are  simple  fusiform  dilatations;  at  other  times 
large  and  bulky,  and  forming  the  point  of  junction  of  a  great  multitude  of 
pores.  In  the  true  dental  substance,  which  is  a  kind  of  bone,  the  lacunae  are 
almost  entirely  deficient,  and  the  pores  attain  a  very  singular  development, 
which  will  be  subsequently  described. 

But  though  varieties  are  occasionally  met  with,  yet,  in  the  true  bone  of 
man  and  the  mammalia,  the  lacunae  possess  a  very  constant  form;  being  some- 
what oval,  and  more  or  less  flattened  on  their  opposite  surfaces.  The  two 
surfaces  look  respectively  to  and  from  the  nearest  surface  of  the  tissue,  and 
meet  in  a  thin  edge.  As  pores  pass  off  equally  from  all  parts  of  the  lacunae, 
it  follows  that  by  far  the  greater  number  pass  to  or  from  the  surface  of  the 
bone;  an  arrangement  admirably  adapted  for  the  transmission  of  the  nutri- 
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tious  fluids.  The  pores  passing  from  the  edge  principally  serve  to  con- 
nect together  those  lacanse  that  lie  at  nearly  the  same  distance  from  the 
surface. 

The  lacunae  have  an  average  length  of  -nVir  ^^  ^°  inch,  and  they  are 
usually  about  half  as  wide,  and  one  third  as  thick.     The  diameter  of  the 

pores  is  from  ^(rhrs  ^^  trhv  ^^  ^^  >nch. 

The  osseous  tissue,  thus  studded  by  thousands  of  flattened  lacunae,  which 
lie  for  tlie  most  part  in  planes  parallel  to  the  surface,  has  a  decided  dispo- 
sition to  split  up  into  laminx,  following  the  same  direction.  This  is  mors 
evident  in  the  bones  of  old  persons,  and  may  be  generally  promoted  by  mace- 
ration in  dilute  acid.  It  is  roost  apparent  where  the  mass  of  material  between 
two  vascular  surfaces  is  great,  and  the  series  of  lacunas  numerous.  It  is 
probable  that  lamellated  structure  depends  in  part  on  the  mode  of  develop- 
ment and  growth  of  this  tissue,  and  it  perhaps  contributes  to  the  perfection 
of  the  nutritive  process  within  it. 

It  will  now  be  easy  to  comprehend  the  apparently  complex  arrangement 
of  the  osseous  tissue  in  the  interior  of  bones.  Let  us  take,  for  example, 
one  of  the  long  bones.  The  entire  vascular  surface  consists  of,  I,  the  outer 
surface,  covered  by  the  periosteum;  2,  the  inner  surface,  lined  by  the  mem- 
brane of  the  medullary  cavity,  and  of  the  cancelli;  3,  the  Haversian  suffaee-, 
or  that  forming  the  canals  of  the  compact  tissue,  and  having  in  contact  with 
it  the  vascular  network  that  occupies  them,  and  which  has  been  already 
described.  These  involutions  of  the  surface  are  so  arranged  thai  no  part  of 
the  osseous  tissue  is  in  general  at  a  greater  distance  than  f\jf  of  an  inch 
from  the  vessels  that  ramify  upon  them. 

There  is  a  layer  of  tissue  on  the  exterior  of  the  bone  deriving  its  nonriih- 
ment  from  the  periosteum,  and  which  may  be  called  the  periosteal  layer. 
The  lacunae  of  this  layer  all  face  that  surface,  and  the  pores  of  the  8upe^ 
ficial  ones  open  upon  it.     There  is  another  layer,  forming  the  immecUals 
wall  of  the  medullary  cavity,  and  termed  the  medullary  layer.     Its  lacunc, 
in  like  manner,  face  this  cavity;  and  the  pores  of  the  inner  ones  open  upon 
it.     This  layer  becomes  variously  folded  to  form  the  plates  and  fibres  of  the 
cancelli;  and  all  the  lacuna;  of  these  face  these  irregular  cavities,  and  their 
pores  open  into  them.     The  Haversian  surface,  too,  being  an  involution  of 
the  outer  and  inner  surfaces,  and  serving  to  connect  them,  is,  in  fact,  formed 
by  an  involution  of  the  periosteal  and  medullary  layers,  and  unites  these 
with  one  another.     Where  a  vessel  enters  the  compact  tissue  from  the  ezte* 
rior,  it  carries  with  it  a  sheath  of  bone  from  the  periosteal  layer.    The 
lacuna;  of  this  osseus  sheath,  instead  of  being  turned  outwards,  like  thoee 
of  the  periosteal  layer,  preserve  their  relation  to  the  vascular  surface  to  which 
they  pertain,  and  face  inwards  towards  the  vesseL     Wherever  the  ressd 
penetrates,  whatever  direction  it  takes,  and  however  it  branches,  it  is  every- 
where accompanied  by  this  sheath  from  the  periosteal  layer,  or  by  offsets 
from  it;  and,  when  it  enters  the  medullary  canal,  its  sheath  expands  inlo 
the  medullary  layer. 

The  vessels  of  the  compact  tissue  are  so  close  together  that  the  osseoQi 
sheaths  respectively  surrounding  them  come  into  contact  and  unite;  and  thus 
all  the  space  between  the  outer  and  the  inner  surface  of  the  compact  tissue 
is  filled  up;  thus,  in  a  word,  the  compact  tissue  is  constructed. 

As  the  vessels  of  the  compact  tissue  take  a  longitudinal  direction,  a  trans- 
verse section  of  the  bone  will  appear  pierced  by  numerous  holes,  which  are 
the  Haversian  canals  cut  across.  Each  hole  appears  as  the  cen^  of  i 
roundish  area,  which  is  the  section  of  an  involuted  periosteal  layer  now  bo 


FORMATION  O 


THE  TISSUKi 


come  a  verlical  rod,  containing  a  veaael   in  its   axia. 
canals  vary  considerably  in  eize,  and  do  nol  maintain 
3  very  close  relalion  lo  the  thickness  of  ill eir  respect- 
ive osseous  walls.     They  are  frequently  eccentric, 
owiogto  their  wall  bulging  more  in  one  direction  than 
another,  to  fit  in  between  others  in  the  vicinity:  for 
though  the  rods  of  bone,  containing  the  vessels,  afTect 
the  cylindrical  form,  lliey  oflen  present  an  oval,  or 
even  a  very  irregular  figure,  on  a  section; 
package  having  modilied  tliejr  rurni.     The  periosteal 
end  medullary  layers  are  also  well  seen  on  the  same 
■ection,  the  latter  curving  inwards  to  constitute  the 
walla  of  the  cancelli.     These  two  layers  are  of  very 
megular  thickness,  as  the  Haversian  rods 
on  them  unequally. 

On  a  further  examination  of  such  a  sention,  with 
a  sufficient  magnifying  power,  we  observe  the  la- 
ounie  of  the  periosteal  and  medullary  layers  facing 
those  surfaces,  and  their  pores  opening  upon  tlieni; 
while  the  lacuna:  of  each  Haversian  layer  all  face  the 
corresponding  canal,  and  their  pores  radiate  from  it. 
The  lacuns  facing  the  Haversian  surface  are  generally 
curved  concentrically  with  it.  They  an 
raeroue,  and  their  pores  more  abundant,  i 
where  there  is  most  osseous  substance,  and  where  it 

consequently  extends  furthest  from  the  source  of  nutrimcni,  the  Haversian 
vessel.  The  reason  of  the  want  of  proportion  between  the  width  of  ilie 
canals,  and  the  thickness  of  their  respective  osseous  walls,  appears  to  be 
this,  that  the  lurgor  canals  transmit  vessels  to  other  parts,  besides  containing 
those  which  nourish  their  own  layer;  while  some  of  them  are,  no  doubt,  in 
■  great  measure  channels  for  veins. 

The  outer  l.icunie  belonging  lo  an  Haversian  canal  sometimes  send  out 
pores  to  anastomose  with  those  of  the  neighbouring  rods;  but  this  s 
happen  chieily  where  the  contiguous  rods  have  just  sprung  from  a 
sttKik.     Occasionally,  also,  Incunit;  of  irregular  shape  lie  in  the  interval  c 
two  or  more  rods,  and  commu- 

Dicate   with    lacunic    of    all   of  Fig.  55,/. 

Ibemi  but,  in  general,  the  outer- 
mOBlporesofthc  extreme  lacuna: 
droop  back  on  all  sides  and  re- 
cnlor  llie  penultimate  series  of 
(beirown  rod. 

Owing  to  this  arrangement, 
there  always  appears  a  trans- 
parent  interval  between  couli- 
gaoua  rods;  the  pores  and  lacuna: 
not  esiBting  lliere  to  inlertepl  the 
passage  of  the  light.     This  ie  a 

remarkable    circumstance,    and      Tnaitrta  wMlnn  of  ihP  cnmpKt  Uune  of  ■ 
will  be  illustrated  when  we  com 

lo  speak  of  the    development  ot    Foninm  or  ainttoj  ijitml  of  Umella  SIB  Mo-n. 

bone.  °'!l''^,",'t.'''!!!!  ^""T;  "I"""  .t''"l[  JT^.."", 

The   lamcllated  character  of  ^"''      "  """ —■■----- 

bone  can  he  frequendy  distin- 
guished in  the  perio.'iteal,  medullary,  and  Haversian  layers;  and,  in  general, 
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wherever  several  successive  series  of  lacuns  exist.  The  Haversian  rods, 
however,  are  remarkably  prone  to  exhibit  this  appearance,  especially  under 
the  conditions  previously  mentioned.  Their  lamellae,  however,  are  not 
concentric,  as  commonly  described.  The  fissures  which  disclose  them  are 
indeed  concentric,  but  they  are  always  incomplete,  never  extending  com- 
pletely round  the  canal;  so  that  the  lamellae  run  into  one  another  at  various 
points.  This  results  from  the  fact,  that  the  lacunae  are  not  arranged  in  sets 
equidistant  from  the  centre,  but  are  scattered,  as  it  were,  independently  of 
one  another,  at  every  possible  variety  of  distance  from  the  canal.  The  larger 
concentric  cracks,  which  generally  run  through  the  lacunae,  seem  to  occur 
where  two  or  three  of  these  happen  to  lie  nearly  in  the  same  curve.  Bone 
is  very  apt  to  crack  in  the  interval  between  the  rods;  and  each  of  these  rods 
is  really  so  distinct  from  those  near  it,  that  it  may  be  designated  conve- 
niently, for  the  purpose  of  description,  as  an  Haversian  system  oflamtUm, 

In  a  longitudinal  section  of  the  compact  tissue  of  a  long  bone  the  appear- 
ance of  lamellation  is  generally  less  evident,  except  where  a  longitudinal 
canal  happens  to  lie  exactly  in  the  plane  of  section.  When  the  Haversian 
canal  is  a  little  below  the  cut  surface,  it  is  of  course  covered  by  some  of  its 
lamellae,  the  lacunae  of  which  directly  over  it  are  seen  in  face*  while  the 
lamellae  dipping  in  on  either  side,  in  their  course  round  the  canal,  present 
the  thin  edges  of  their  lacunae  to  the  observer.  In  the  former  part  thoee  pores 
alone  are  seen  that  proceed  from  the  edge  of  the  lacunae;  while  in  the  latter 
those  from  both  surfaces  are  seen,  and  of  course  appear  much  more  numerous. 

The  description  now  given  of  the  intimate  texture  of  the  compact  tissue 
of  long  and  short  bones  will  apply,  in  all  essential  respects,  to  every  other 
example  of  the  compact  tissue;  the  chief  difference  consisting  in  the  direc- 
tion taken  by  the  Haversian  canals,  which  is  irregular  where  the  tissue 
follows  an  irregular  course.  In  general,  however,  the  canals,  with  the 
Haversian  rods  forming  their  sheaths,  run  in  the  direction  in  which  the 
tissue  needs  the  greatest  strength.  Thus,  in  the  long  bones  it  is  vertical; 
and  in  those  flat  bones,  which  have  to  support  weight,  it  is  also  more  or 
less  vertical;  while  in  those  designed  to  sustain  the  action  of  forces  of  other 
kinds  it  is  liable  to  corresponding  variety. 

So  beautifully  mechanical  is  this  disposition  of  the  Haversian  systems  in 
the  compact  tissue,  that  we  need  not  smile  at  the  descriptions  of  Gagliardi, 
who,  with  imperfect  means  of  observation,  appears  to  have  been  at  least 
faithful  in  his  attempts  to  delineate  nature.  The  periosteal  and  medullary 
layers  are  true  plates  of  bone,  and  the  Haversian  systems  are  true  fibres  or 
pins^  all  connected  with  one  another  by  direct  continuity  of  tissue,  and 
most  artfully  arranged  for  the  mechanical  ends  in  view;  and  we  cannot  suf- 
ficiently admire  the  skill  which  has  caused  the  means,  employed  for  these 
ends,  to  conspire  with  those  which  were  indispensable  for  the  due  nutritioa 
of  the  tissue. 

In  the  ordinary  cancellated  texture,  each  cancellus  must  be  regarded  as  t 
little  medullary  cavity,  containing,  as  it  does,  medulla  and  highly  vascular 
medullary  membrane.  The  plates  of  bone  which  form  its  walls  consist  of 
lamellae,  among  which  lacunae,  with  their  pores,  are  scattered;  and  they 
sometimes,  when  thick,  contain  Haversian  canals.  Usually,  however,  the 
pores  of  these  laminae  communicate  directly  with  the  cavity  of  the  cancelloi 
to  which  they  belong. 

Of  the  Vessels  of  Bone, — We  now  proceed  to  inquire  into  the  manner  in 
which  the  nutrition  of  bone  is  provided  for.  A  texture  containing  so  much 
animal  matter,  and  needing  a  constant  supply  of  inorganic  material  likewise 
must  necessarily  be  largely  supplied  with  blood,  the  common  source  of  the 
materials  of  all  the  tissues. 
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The  bloo^-fessels  of  bone  are  very  nnmeroue,  b>  may  be  satiBfactorily 
seen  on  examining  a  well-injecled  specimen.  The  arteries  are  in  great  part 
coniinuetl  from  those  of  the  periosleum;  those  which  penetrate  ihe  cancel- 
iateJ  leslure  of  the  extremities  of  the  long  bones  are  very  large,  and  ramify 
freely  among  ihe  cancelli. 

The  membrane  of  ihe  medulla  which  ia  contained  in  the  ahaH,  receives 
its  blood  from  a  special  artery  that  pierces  the  compact  tissue  through  a  dis- 
linct  canal,  known  aa  that  for  the  nutritions  artery.  This  vesael  divides 
two  immediately  on  eniering  the  medullary  canal;  of  these,  one  ascends, 
ibe  other  descends,  and  both  break  up  into  a  capillary  network,  anastomos- 
rilh  the  plexuses  in  the  extremities  of  the  bone,  derived  from  the  arte- 
riea  that  penetrate  there.  From  the  copious  vascular  network  thus  formed 
within  the  bone,  the  innermost  part  of  the  compact  substance  of  the  sbafl 
receives  its  blood-vessBls, 

In  the  compact  (issue  the  arteries  pass  into  very  narrow  capillary  canals, 
most  of  which  are  invisible  to  the  naked  eye.  In  carefully  raising  the  perioS' 
teum  from  a  bone  that  has  been  subjected  to  a  Utile  maceration,  the  vessels 
may  be  seen  in  great  numbers  passing  from  that  membrane  into  the  osseous 
texture,  and  many  of  the  larger  ones  seem  to  be  surrounded  by  a  sheath  de- 
rived from  the  periosteum.  Similar  shealhs  may  be  seen  surrounding  the 
vessels  of  the  cancellated  texture. 

The  vascular  canals  of  the  compact  tissue  are  styled  Havenian,  after 
their  discoverer,  Clopton  Havers.  They  are  disseminated  pretty  uniformly 
through  the  tissue,  and  inosculate  everywhere  with  one  another.  In  the 
long  and  short  bonea  they  follow  the  same  general 
direction  aa  the  axia  of  the  bone,  and  are  joined  at 
intervals  by  cross  branches.  The  meshes  thus 
formed  are  more  or  less  oblong  (fig.  55,  g).  The 
deeper  ones  open  into  the  contiguous  cancelli, 
with  the  cavities  of  which  they  are  continuous. 

The  arteries  and  veins  of  bone  usually  occupy 
distinct  Haversian  canals.  Of  these  the  venous 
are  the  larger,  and  commonly  present,  at  irregular 
intervals,  and  especially  where  two  or  more 
branches  meet,  pouch-like  dilatations,  calculated 
to  serve  aa  reservoirs  for  the  blood,  and  to  delay 
its  escape  from  (he  tissue.  In  many  of  the  large 
bones,  particularly  in  the  flat  and  irregular  ones, 
the  veins  are  exceedingly  capacious,  and  occupy 
a  series  of  tortuous  canals  of  remarkable  size  and 
very  characteristic  appearance.  These  are  well 
described  by  Breschet  in  his  elaborate  work  on  the 
venODS  system.  These  canals  run,  for  the  most 
pari,  in  the  cancellated  structure  of  the  bones,  and 
are  lined  by  a  more  or  less  complete  layer  of  com-  * 

pact  tissue,  which  itself  often  contains  minute  Hsrenisn  cuiig,  h^h  on  « 
Haversian  canala.  The  veins  they  contain  dis-  Si^wu"!.  "hs  °ih»ft  llf^n^f 
charge  themselves  separately  on  the  surface. —  ihs  long  i»D«a:— o.  Anerisi  ». 
The  Haversian  canals  vary  in  diameter  from  rrVn  '"'*  *'  '™"'  ""'■  '■  """" 
to  the  ,^  of  an  inch,  or  more,  the  average  being  ""™  "'  ""^"  tbdoiu  cuuI. 
about  j^,.  Their  ordinary  distance  from  one  another  is  about  jl^^  of  an 
inch.  They  may  be  regarded  as  involutions  of  the  surface  of  the  bone  for 
the  purpose  of  allowing  vessels  (o  come  into  contact  with  it  in  greater  abun- 
dance.   It  it  evident  that  the  cancelli,  and  even  the  great  medullary  canal 
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itself,  are  likewise  involiilioni  of  the  osseous  surface,  though  for  a  partly 
difTerent  end.  These  larger  and  more  irregular  cavities  in  bone  may  be 
considered  as  a  dilated  form  of  Haversian  canals.  They  contain  reisels 
not  only  for  the  niilriiion  of  the  thin  osseous  material  forming  their  walls, 
but  also  for  the  supply  of  the  fat  enclosed  wilhiu  them. 

Nerves  of  Bone. — The  skill  of  anatomists  has  hitherto  failed  to  demon- 
slrale  the  presence  of  nerves  in  Ihe  interior  of  bones.  Some  nerves  pan 
through  bones,  but  no  supply  strictly  to  the  osseous  matter  has  yet  been 
proved'.  Yet  there  is  little  doubt  that  the  vascular  surface  of  bones  is  foi^ 
nished  with  nerves:  the  painfulnesB  of  many  affections  of  the  periosteDin, 
and  of  the  medullary  membrane,  seems  to  place  this  beyond  dispute. 

Development. — In  the  earliest  period  at  which  the  skeleton  can  be 
detected  among  the  other  tissues  of  the  embryo,  it  is  found  to  consist  only 
of  a  congeries  of  cells,  constituting  the  simplest  form  of  cartilage.  These 
increase  in  number  and  in  density,  and  become  surrounded  and  held 
together  by  an  intercellular  substance  in  small  quantity:  thus  forming  the 
temporary  cartilage,  which  Bubsequenily  becomes  converted  into  bone. 
The  temporary  cartilages  have  the  same  general  shape  before  aa  after  their 
ossiiication;  and  as  this  process  is  slow,  and  not  finally  completed  nnlil 
adult  age,  (hey  share  during  a  considerable  period  in  the  functions  of  the 
bony  skeleton. 

Until  Ihe  completion  of  the  process  of  ossification,  the  temporarj  car- 
tilages increase  in  bulk  by  an  inierslitial  development  of  new  cells.  A  fi)« 
vessels,  also,  shoot  into  them  at  an  early  period,  occupying  small  lortooos 
canals,  which  subsequently  become  obliterated. 

Ossification  commences  in  the  intt- 
rior  of  the  cartilage  at  determinate  points, 
hence  called  points  or  etntret  of  sm- 
Jicahon  From  these  the  process  sd- 
vances  into  the  surroundmg  substance. 
The  period  at  which  these  points  ap- 
pear vanes  much  in  the  difl'erenl  bona, 
and  in  diflerenl  parts  of  them  The 
first  IS  the  clavicle  m  which  the  priini- 
live  point  appears  during  the  fonilii 
week,  next  IS  the  lower  jaw,  the  tibs. 
loo,  appear  very  early,  and  are  coat- 
pleted  early;  next  the  femur,  haraems, 
tibia,  and  upper  jaw.  The  vertebra  vA 
pelvic  bones  are  laie,  as  well  as  iluM 
of  the  tarsus  and  metatarsus.  Son* 
bones  do  not  begin  to  ossify  till  ifta 
birth,  as  the  patella. 

In  most  hones  ossification  begtni  ■> 
more  than  one  point.  Thus,  in  the  \ot% 
bones  (fig.  55,  A)  there  is  a  middle  point 
to  form  the  future  shaft;  and  one  X 
each  extremity,  to  form  the  articular  lai- 
face  and  eminences.  That  in  the  shiA 
is  the  first  to  appear,  and  the  olhtM 
succeed  it  at  a  variable  interval.  Tbs 
central  part  is  termed  the  diaphytUt 
and  for  a  long  period  after  hirih  iheie 
remains  a  layer  of  unossified  carlilig* 
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between  this  and  the  epiphy*ei,  as  the  extremities  are  theu  styled.  Pro- 
eessti  of  bone  have  usually  their  own  centres  of  ossification,  and  are  termed 
epiphyses  until  they  are  finally  joined  to  the  main  part,  after  which  they 
receive  the  name  of  apophytea. 

Oasiiicalion  generally  extends  in  the 
direction  that  the  fuiure  laminEB  and 
Haversian  rods  are  to  assume,  and  which 
corresponds  in  a  great  measure  to  that 
in  which  it  is  designed  that  the  chief 
strength  of  the  structure  may  lie.  Thus, 
in  the  bones  composing  the  vault  of  the 
cranium,  there  is  always  a  very  decided 
radiation  from  [he  most  prominent  part 
of  the  convexity  of  each.  In  the  scapula 
this  direction  is  indicated  by  the  lines 
of  shading  in  the  accompanying  figure. 
The  outline  marks  the  limits  of  the  tem- 
porary cartilage,  in  which  no  other  points 
of  bone  have  yet  appeared. 


The  minute  history  of  the 
process  by  which  temporary 
cartilage  is  converted  into  bone, 
is  of  extreme  interest.  Very 
good  descriptions  of  it  have 
been  given  by  Sharpey,  Mie- 
scher,  and  others;  from  which, 
however,  it  will  be  seen  by  the 
following  account  that  we  differ 
in  some  important  particulars. 

The  nucleated  cells  of  tempo- 
rary cartilage  are  small,  and  pret- 
ty uniformly  scattered  through 
a  sparing,  homogeneous  inter- 
cellular substance.  The  nuclei 
are  granular,  and  large  com- 
pared with  the  cells,  which  are 
distinguished  from  the  surround- 
ing substance  principally  by 
their  transparency  around  each 
tradeuB  (fig.  65,  j,  a.  a'). 

Id  the  vicinity  of  the  point 
of  ossification,  (for  example,  in 
one  of  the  long  hones,)  a  sin- 
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gular  change  is  observed.  The  cells  are  seen  to  be  gradually  arranging 
themselves  in  linear  series,  which  run  down,  as  it  were,  towards  the 
ossifying  surface.  The  appearance  they  present  on  a  vertical  section  is 
represented  in  fig.  55,  j.  At  first  their  aggregation  is  irregular,  and  the 
series  small  (b,  6'.);  but,  nearer  to  the  surface  of  ossification,  they  form 
rows  of  twenty  or  thirty.  These  rows  are  slighdy  undulated,  and  are 
separated  from  one  another  by  the  intercellular  substance.  The  cells 
composing  them  are  closely  applied  to  one  another,  and  compressed,  so 
that  even  their  nuclei  seem  in  many  instances  to  touch;  the  nuclei  them- 
selves  are  also  flattened,  and  expandod  laterally. 

The  lowest  rows  dip  into,  and  rest  in  deep  narrow  cups  of  bone,  formed 
by  the  osseous  transformation  of  the  intercellular  substance  between  the 
rows.  These  cups  are  seen  by  a  vertical  section  in  fig.  55,  J,  c.  e'.  As 
ossification  advances  between  the  rows,  these  cups  are  of  course  con- 
verted into  closed  areolae  of  bone,  the  walls  of  which  are  lamelliform,  and 
at  first  extremely  thin. 

Immediately  upon  the  ossifying  surface,  the  nuclei,  which  were  before 
closely  compressed,  separate  considerably  from  one  another  by  the  increase 
of  material  within  the  cells.  The  nuclei  likewise  often  enlarge  and  be- 
come more  transparent;  a  condition  first  pointed  out  to  us  by  Mr.  Tomes. 
The  changes  now  enumerated  may  be  conveniently  considered  to  constitnte 
the^r«/  stage  of  the  process,  which  extends  only  to  the  ossification  of  the 
intercellular  substance.  In  this  stage  there  are  no  blood-vessels  directly 
concerned. 

The  areolae  or  minute  cancelli,  when  first  formed,  contain  only  the  rows 
of  cells  which  they  have  enclosed.  It  is  remarkable,  that,  when  the 
cartilage  is  torn  from  the  bone,  it  usually  carries  with  it  one  or  two  layers 
of  these  cancelli,  or  a  little  more  than  is  represented  in  fig.  55,  j.  If  the 
specimen  be  examined  deeper  in  the  bone,  even  at  a  depth  of  -^  or  i  of  an 
inch,  other  appearances  are  met  with.  The  lamellae  of  bone  enclosing  the 
cancelli  are  no  longer  simply  homogeneous  or  finely  granular  in  texture, 
but  have  acquired  more  the  aspect  of  perfect  bone.  They  are  also  thicker, 
and  include  in  their  substance  elongated  oval  spaces,  which,  excepting  that 
they  are  of  a  roughly  granular  nature,  exactly  resemble  the  lacunse  of  booe 
already  described.  They  are  evidently  the  nuclei  of  the  cells  of  the  tem- 
porary cartilage.  They  are  scattered  at  pretty  uniform  distances  apart,  and 
they  all  follow  the  direction  of  the  lamellae  to  which  they  belong.  The 
curvilinear  outline  of  their  now  ossified  cells  can  often  be  partially  dis- 
cerned. 

Within  the  cancelli,  only  a  few  cells  can  be  detected,  these  cavities 
being  chiefly  occupied  by  a  quantity  of  new  substance,  consisting  of  gra- 
nules, and  resembling  a  formative  blastema  or  basis,  like  that  out  of  which  all 
the  tissues  are  evolved.  The  cells  that  are  met  with  are  in  apposition  with 
the  wall;  and  sometimes  one  of  them  seems  half  ossified,  and  its  nucleos 
about  to  become  a  lacuna.  The  nuclei  of  these  cells  have  now  always  the 
same  direction  as  the  neighbouring  lacunae. 

It  hence  appears,  that,  after  the  ossificatiop  of  the  intercellular  substancei 
the  rows  of  cartilage-cells  arrange  themselves  on  the  inner  surface  of  the 
newly  formed  cancelli,  and  become  ossified,  with  the  exception  of  their 
nuclei,  which  remam  granular,  and  subsequently  form  the  lacunae  of  bone; 
and  that  a  new  substance,  or  blastema,  appears  within  the  cancelli,  from 
which,  probably,  vessels  are  developed,  and  the  future  steps  in  the  growth 
of  the  bone  proceed.  » 

The  cancelli  when  first  formed  are  closed  cavities.     At  a  subsequent 
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period  they  appear  to  communicate,  and  thus  to  form  the  cancelli  and 
Haversian  canals  of  perfect  bone;  a  complete  network  of  blood-vessels  be- 
coming developed  within  them  at  the  same  time. 

The  subsequent  progress  of  ossification  seems  to  consist  essentially  of  a 
slow  repetition,  on  the  entire  vascular  surface  of  the  bone,  of  that  process 
which  has  been  now  briefly  described.  It  is  probable  that  new  cartilage- 
cells  are  developed  on  that  surface,  and  become  ossified  in  successive  layers, 
their  nuclei  remaining  to  form  the  lacunae,  the  uniform  dispersion  of  which 
through  bone  is  thus  explained.  The  cause  of  the  laminaiion  of  bone, 
parallel  to  its  vascular  surface,  is  also  thus  illustrated. 

The  first  appearance  of  pores  is  in  the  form  of  irregularities  in  the  margin 
of  the  lacunae.  These  increase  with  the  consolidation  of  the  tissue,  and  are 
converted  into  branching  tubules  which  communicate  with  those  adjacent. 
These  pores  must  consequently  be  formed  in  the  ossified  substance  of  the 
cartilage-cells.  In  our  account  of  the  lacunae  of  perfect  bone  it  was  men- 
tioned, that,  for  the  most  part,  those  of  contiguous  Haversian  systems  do 
not  communicate  across  the  narrow  interval  that  separates  the  Haversian 
rods;  this  interval  having,  in  fact,  no  pores.  It  results  from  what  has  just 
been  said  of  the  mode  of  deposition  of  new  layers,  that  the  primary  osseous 
net-work,  formed  in  the  intercellular  substance  of  the  temporary  cartilage, 
mnst  come  to  constitute  the  substance  intervening  between  the  Haversian 
rods,  the  non-porosity  of  which  is  thus  satisfactorily  accounted  for,  as  well 
as  the  facility  with  which  the  rods  themselves  may  be  made  to  separate 
from  one  another.  As  for  the  lacunae,  their  originally  granular  interior 
seems  to  be  gradually  removed,  so  that  they  become  vacuities  adapted  for 
the  conveyance  of  the  nutritious  fluids  through  the  compact  materials  of  the 
perfect  bone. 

629.  Growth  of  Bone. — But  it  must  not  be  imagined,  that,  when  bone  is 
once  deposited  in  a  certain  form,  it  thenceforward  permanently  maintains  its 
size  and  shape.  Though  a  lamella  be  completely  ossified,  its  particles  are  in 
constant  course  of  change,  during  which  the  most  important  and  extensive 
alterations  of  size  and  figure  take  place  in  a  slow  and  gradual  manner. 
Thus  the  layers  first  deposited  on  the  inner  surface  of  the  early  cancelli  are 
poshed  out  by  the  succeeding  ones,  and  also  acquire  a  concomitant  augment- 
ation of  mass;  and  as,  in  general  terms,  the  number  of  lacunae  in  bone  is 
proportioned  to  its  amount,  the  early  layers  most  likely  increase  by  a 
growth  and  ossification  of  cells  in  their  own  substance,  even  for  long  after 
tfiey  have  been  pushed  away  from  the  vascular  surface,  and  supplanted  by 
the  more  recent  ones.  Thus,  though  bone  grows  chiefly  by  layers  formed 
in  succession  on  its  vascular  surface,  yet  it  also  grows  in  an  interstitial 
manner  after  being  originally  deposited.  It  is  in  this  way  only  that  we 
can  explain  the  great  expansion  which  the  primary  intercellular  osseous 
network  must  undergo,  to  form  that  which  intervenes  between  the  Haver- 
sian systems. 

Bone  when  first  formed,  then,  is  disposed  as  an  expanded  surface,  va- 
rioosly  and  complexly  involuted,  and  which  soon  becomes  covered  with 
vessels.  This  is  the  foundation  for  its  subsequent  vascularity,  and  is  the 
source  also  of  that  active  power  of  internal  growth,  which  has  been  long  a 
theme  of  admiration  with  physiologists. 

Bot  the  expansion  of  bone  once  deposited  is  limited.  We  before  observed 
that  no  part  of  the  osseous  tissue  was  at  more  than  a  certain  minute  distance 
from  the  vascular  surface;  and  that,  if  it  were  so,  its  nutrition  could  not  be 
suitably  carried  on.  Now,  if  more  than  a  certain  number  of  laminae  of  new 
bone  were  laid  down,  the  earlier  ones  would  be  pushed  too  far  from  the 
60 
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supply  of  blood;  and  hence  the  limitation  we  have  spoken  of.  But  it  is 
necessary  for  bone  to  grow  much  more  between  the  commencement  of 
ossification  and  the  adult  age  than  this  limitation  appears  to  allow  of;  and 
here  we  come  upon  an  admirable  provision  to  meet  this  apparent  difficulty. 

In  ihe  Jirst  place,  a  most  important  process  of  growth  is  continually  going 
on  in  the  cartiiage,  especially  near  the  ossifying  surface,  by  the  multipli- 
cation of  the  cells;  and,  in  the  latter  situation,  by  the  increase  in  their 
dimensions,  occasioning  that  separation  of  their  nuclei,  already  described. 
In  the  long  bones  this  takes  place  chiefly  in  the  longitudinal  direction. 
which  is  that  in  which  growth  is  most  active;  and  it  continues  till  adult  age. 
This  fact  has  been  long  ascertained,  though  its  real  purpose  appears  to  have 
been  overlooked.  Hales  and  Hunter  both  inserted  metallic  substances  along 
the  shaft  of  a  growing  bone,  in  a  young  animal,  at  a  certain  distance  apart; 
and  found,  after  an  interval  of  time,  that  the  distance  between  them  remained 
the  same,  or  nearly  so,  while  the  extremities  of  the  bone  were  much  fur- 
ther apart;  thus  proving  that  the  principal  growth  had  taken  place  near  the 
extremities. 

Secondly^  bones  increase  in  dimension  by  an  accession  of  new  osseoui 
substance  on  their  exterior;  this  new  substance  consisting  not  merely  of 
new  laminae,  but  of  new  systems  of  laminse,  and  of  new  involutions  of  the 
vascular  surface  to  form  new  Haversian  canals,  so  that  the  earlier  systems 
of  laminae  are  covered  over  by  the  more  recent  ones.  This  has  been  best 
proved  by  the  experiments  with  madder. 

It  was  ascertained  accidentally  by  Belchier  that  the  rubia  tinctorum,  or 
madder,  mixed  with  the  food  of  pigs,  imparted  its  red  colour  to  their  bones; 
and  this  circumstance  has  been  ingeniously  taken  advantage  of  by  several 
physiologists  in  the  prosecution  of  researches  on  the  growth  of  bone.* 
Duhamel,  Hunter,  and  many  others,  have  performed  multiplied  experimeots 
of  this  kind.  In  the  Museum  of  King*s  College  are  some  good  preparations 
of  bones  so  acted  upon. 

It  is  found  that,  in  very  young  animals,  a  single  day  suffices  to  colour  the 
entire  skeleton,  apparently  in  an  uniform  manner;  in  these  there  is  no  os- 
seous material  far  from  the  vascular  surface.  But,  if  we  make  a  transverse 
section  of  one  of  the  long  bones  so  treated,  we  observe  the  deepest,  or  even 
the  only  colour,  to  be  really  on  the  vascular  surface;  the  Haversian  cands 
are  each  encircled  by  a  crimson  ring.  This  beautiful  illustration  is  due,  as 
far  as  we  know,  to  Mr.  Tomes,  who  has  long  possessed  some  very  elegant 
specimens  prepared  in  this  way. 

In  full-grown  animals  the  bones  are  very  slowly  tinged,  because  the  great 
mass  of  the  bone  is  not  in  contact  with  blood-vessels;  each  Haversian  sys- 
tem, for  example,  has  only  its  small  innermost  lamella  in  contact  with  them; 
and,  besides,  the  osseous  matter  is  altogether  more  consolidated  and  lesspe^ 
meable  by  fluids  than  at  a  very  early  period  of  life.  In  the  bones  of  half- 
grown  animals  a  part  of  the  bone  is  nearly  in  the  perfect  condition,  while  a 
part  is  new  and  easily  coloured.  Hence,  it  is  easy  in  them  to  distinguish 
the  new  from  the  old  bv  means  of  madder. 

•  The  colouring  of  bone  by  madder  results  from  an  affinity  of  the  colouring  prin- 
ciple for  the  phosiphale  of  lime.  This  opinion  was  distinctly  broached  by  Hallff 
(El.  Phys.  t.  viii.  p.  329),  and  it  was  subsequently  proved  by  Rutherford,  who  showed 
it  experimentally.  To  an  infusion  of  madder  in  distilled  water  add  muriate  of  iim^' 
no  change  takes  place.  Then  add  phosphate  of  soda  in  solution.  By  double  elec- 
tive affinity,  nhosphate  of  lime  and  muriate  of  soda  are  formed.  The  phosphate  is 
insoluble,  ana  subsides  in  union  with  the  colouring  maucr  as  a  crimson  lake.  Wbea 
madder  is  given  as  food,  its  colouring  principle  is  absorbed,  and  circulates  with  the 
blood;  and  it  colours  first  that  part  of  the  bone  which  is  in  course  of  formation  froto 
that  fluid,  or  which  has  been  last  formed)  i.  e,  which  is  nearest  the  vascular  sariace. 
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Now,  madder  given  to  half-grown  animals  colours  the  long  bones  most 
deeply  in  the  interval  between  the  shaft  and  extremeties,  and  on  the  surface 
of  the  shaft.  When  madder  is  given  at  intervals,  the  tints  in  the  bone  are 
interrupted;  the  layers  in  course  of  formation  during  its  administration  are 
coloured,  while  those  formed  during  the  intervening  periods  are  colourless. 
The  long  period  during  which  bones  retain  the  madder  tinge,  shows  that  the 
colouring  matter  is  not  readily  resumed  by  the  blood,  from  its  combination 
with  the  phosphate  of  lime;  and  it  seems  also  to  indicate  a  sluggishness  of 
the  nutrient  process  in  bone. 

Perhaps  few  questions  have  more  divided  the  minds  of  physiologists 
than  that  regarding  the  share  taken  by  the  periosteum  in  the  growth  and 
regeneration  of  bone;  for  these  last  are  essentially  the  same  process.  We 
now  see  that  bone  does  not  grow  on  its  exterior  because  the  periosteum  is 
there;  and  that  the  only  part  this  membrane  takes  in  the  deposit  of  new  bone 
is  by  the  vascular  network  mingled  with  its  fibrous  tissue,  and  which  does 
not  differ  from  that  on  other  portions  of  the  osseous  surface. 

The  limited  expansibility  of  the  bone  already  formed  is  the  remote  cause 
to  which  the  growth  by  new  deposit  on  the  exterior  is  to  be  referred;  and, 
in  this  respect,  the  superficial  growth  is  strictly  analogous  to  the  exogenous 
mode  of  growth  in  vegetable  structures. 

A  third  mode  in  which  increase  of  size  is  provided  for,  appears  to  be  by 
the  dilatation  of  the  primary  cancelli  and  Haversian  canals  in  the  central 
parts  of  the  bone.  In  early  life  the  cancelli  are  small,  and  there  is  no 
medullary  cavity.  Gradually  the  cancelli  enlarge,  and  those  within  the 
shaft  blend  more  and  more  with  one  another,  by  the  removal  to  a  greater  or 
less  extent  of  the  intervening  osseous  walls,  until  at  length  a  medullary 
canal  is  formed,  around  which  the  cancelli  are  very  open,  large  and  irregular. 
Xhe  augmentation  of  the  vascular  cavities  of  bone  is  attended  with  a  deve- 
lopment of  adipose  vesicles  and  their  capillaries  in  the  new  space,  while 
the  proper  vessels  of  the  osseous  tissue  remain  pretty  much  as  before.  The 
fat  contained  in  the  medullary  canal  gradually  accumulates  so  much,  that  a 
special  artery  becomes  enlarged  to  supply  it,  assuming  the  very  inappro- 
priate title  of  **  the  nutrient  artery  of  the  bone,^^  Duhamel  placed  a  ring  of 
silver  round  the  bone  of  a  young  pigeon,  without  injuring  the  periosteum. 
After  some  time,  during  which  the  bone  had  increased  in  diameter,  he  found 
the  ring  in  the  medullary  canal,  which  had  acquired  a  capacity  equal  to  the 
previous  diameter  of  the  whole  shaft. 

This  enlargement  of  the  diameter  of  a  Itfng  bone  by  the  dilatation  of  its 
interior,  is  attended  by  two  consequences,  equally  important.  The  shell  of 
compact  tissue  is  thus  adapted  to  offer  greater  resistance  to  injurious  mecha- 
nical forces,  while  the  disadvantage  of  a  corresponding  increase  of  weight  is 
obviated. — C] 

630.  That  much  cartilaginous  tissue  remains,  even  in  the  fully-formed 
bone,  is  evident  from  the  fact  that,  when  the  calcareous  matter  has  been  dis- 
solved away  by  the  action  of  an  acid,  the  animal  substance  which  remains 
has  the  chemical  properties  of  cartilage,  being  almost  entirely  composed  of 
chondrin  (§  624).  This,  indeed,  may  be  obtained,  by  long  boiling  under 
pressure,  from  previously  unaltered  bone;  and  the  calcareous  matter  is 
then  left  almost  pure.  The  lime  of  bones  is  for  the  most  part,  in  the 
state  of  phosphate,  especially  among  the  higher  animals;  it  is  curious,  how- 
ever, that  in  callus  and  exostosis,  there  is  a  much  larger  proportion  of  car- 
bonate of  lime,  than  in  the  sound  bone,  in  which  respect  these  formations 
correspond  with  the  bones  of  the  lower  animals;  but  in  caries,  the  quantity 
of  the  carbonate  is  much  smaller  than  usual.     The  proportion  of  the  earthy 
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consiiiuents  of  bones  lo  llieir  organized  basis  varies  murh  in  dilfetwtt 
of  the  skeleton,  and  at  difl'erent  ages.  Thus  when  the  srapnta  ooi 
per  cent,  of  bone  earth,  the  lempor;il  bone  contains  63i  per  cenL 
ing  lo  Schreger,'  in  tlie  bones  of  the  child,  the  earthy  tnauercoiwtiww 
half;  in  ihoae  of  an  adult  it  amounts  lo  four-Qrihs.  and  in  those  of  I 
person  lo  seven-eighths  of  iheenlire  mass:  this  is  probably  too  highH 
male,  but  it  expresses  sulEcienily  well  ihe  comparative  sole  of  the  1 
at  different  periods.t  The  following  is  a  comparative  analysis  by  B<n 
of  the  bones  of  Man  and  of  the  Ox. 

Man.        e 
Cartilage  completely  Bohible  in  water  ■  ■  32*17  t  u 

Vessels  ■  ■  ■         ■  ■  •  I -IS  J 

Phoapiiateoflirae 51-04     58 

Carbonate  of  lime         ■  ■         ■  •  1 1  -30      J 

Filiate  of  lime  (Fluoride  of  calcium)  ■  -  2-00      1 

Phosphate  of  magnesia  .         .  •  ■  1'16      1 

Soda,  with  a  small  proportion  of  chloride  of  sodium  1*20      I 

100-00  IM 

The  composition  of  the  phosphate  of  lime  in  bones  is  peculian  9  pi 
tions  of  iho  base  being  united  with  three  of  the  acid.  Accordinf  to 
Graham.J  it  is  lo  bf  regarded  as  a  compound  of  two  tribasic  phoapf 
namely,  2  CaO,  II  O,  P0'+  2  (3  Ca  O.  H  O');  with  ihe  addtiiu«  i 
atom  of  water,  which  is  driven offby calcination.  The  prescnc*  oTfll 
of  calcium  in  bones  has  been  denied;  according  to  Dr.  G.  O.  Rees^ 
inquiries,^  it  is  by  no  means  uniformly  present;  It  is  said,  howi<ver,  lai 
in  fossil  bones;  and  lo  be  found  in  considerable  quantity  in  ifae  htimtal 
disinterred  from  Herculaneum. 

631.  The  regeneration  of  Bone,  after  loss  of  its  substance  by  disa 
injury,  lakes  place  more  completely  perhnps  ihan  ihai  of  any  oUter' 
except  the  Gbro-cellular  (§  638).  This  is  partly  due  lo  its  high  de|| 
vascularity,  and  partly  lo  ihe  simplicity  of  its  structure.  When  w» 
sidor  ihe  great  importance  of  the  mechanic;il  supporl  afforded  by  boi 
every  function  of  the  body,  and  the  necessity  for  an  entire  r«paTattoti  t 
that  support  can  be  obtained,  we  perceive  ihal  no  half-measure*  (■■ 
are  adopted  in  the  repair  of  muscles,  ligaments,  iic)  woold  hete  ■ 
The  ordinary  nutrition  of  hone  takes  place  through  the  vessels  nT  the  p 
teum  and  those  of  ihe  medullary  membrane,  from  boih  of  which  i 
branches  are  given  off  thai  traverse  the  Haversian  canals;  ihe  outer 
however,  are  chiefly  supplied  from  ihe  periosteum,  and  the  inner  ft 
medullary  membrane;  so  ihal,  when  ihe  exiernal  membrane  is  des 
ihe  outer  layers  die,  whilst  the  inner  layers  suffer  from  Jnlerruplwnn 
supply  of  nutrimenl  received  through  the  lining  membrane,  l^^l^f^^ 
termed  Necrosis,  it  is  seldom  (if  ever)  ihal  the  whole  ihj«kiM 


loses  its  vitality;  c 
pari  remains  alive,  it  becomes 
by  the  succeeding  processes. 
d)ia  becomes  organized,  convi 
When  a  bone  is  frnetured,  the  e 


or  the  inner  layers  sufleri  i 
icrcased  in  thickness  by  inBai 
Plastic  lymph   is   thrown    out  i 
d    finally   ii 
lakes  placo. 


indofp 


able  lymph  is  effused,  not  only  from  ihe  vessels  of  the  bone  mai  IMH 

•  Hildrtraodi'sAnatoniyby  Weber,  Vol.1,  p.  316. 
f  The  prupiiriiiin,  honeier,  is  b/ no  means  roo'tanl;  ai 

prove.    See hU  Anaiomkal  aod  Physiological  Reseawhe*. 
I  BI»raeniinrCheail*lr]r,  p.  I06T. 

*  Out's  Hmpilal  Reporcs,  Vol.  v. 
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branes,  but  from  those  of  the  surrounding  structures;  this  gradually  becomes 
vascular,  and  in  time  assumes  a  cartilaginiform  appearance,  although  its 
structure  is  probably  not  exactly  the  same  with  that  of  ordinary  cartilage. 
Ossification  usually  commences  at  the  extremities  of  the  fractured  bone;  and, 
if  these  be  near  each  other,  they  are  soon  united  by  callus.  If  they  be  dis- 
tant, however,  their  union  is  a  very  gradual  process.  It  is  not  true  (as 
maintained  by  some)  that  ossification  takes  place  ordy  in  the  parts  where  the 
new  substance  is  connected  with  old  bone.  Mr.  Gulliver*  has  remarked 
that,  when  the  broken  portions  of  bone  form  an  angle,  there  is  quite  a  dis- 
tinct centre  of  ossification,  commencing  in  the  soft  parts  that  lie  between  the 
sides  of  the  angle.  This  new  bone,  being  a  provision  to  meet  the  exigen- 
cies of  an  irregular  case,  is  termed  by  Mr.  G.  the  accidental  callus;  it  forms 
a  support  between  the  fragments,  in  a  situation  which  is  exactly  that  of  the 
greatest  mechanical  advantage.  Though  for  some  time  quite  unconnected 
with  the  old  bone,  it  soon  becomes  united  to  the  regular  callus.  A  deposit 
of  osseous  matter  also  takes  place  occasionally  on  the  interior  of  the  peri- 
osteum, when  this  has  been  separated  from  the  bone  by  necrosis  of  the  latter, 
and  by  the  collection  of  fluid  between  them;  whether  this  be  true  bone,  how- 
ever, has  not  been  ascertained.  It  is  quite  certain  that  in  this,  as  in  other 
cases,  the  production  of  the  new  structure  takes  place  most  readily  in  the 
parts  that  are  in  apposition  with  the  old;  but  we  are  not  warranted  in  saying 
Ihat  the  presence  of  the  latter  is  essential.  The  different  membranous 
structures  belonging  to  the  bone  contribute  to  its  regeneration,  probably  in 
proportion  to  their  vascularity.  The  bone  does  not  recover  its  perfect  struc- 
ture for  a  long  period  after  the  callus  has  become  firm;  the  latter  at  first 
commonly  fills  up  the  medullary  canal;  but  after  a  time,  cells  are  formed  in 
it  by  interstitial  absorption,  and  the  canal  becomes  again  continuous.! 

632.  The  Teeth  are  nearly  allied  to  Bone  in  structure;  and  in  some  of 
the  lower  Vertebrata,  there  is  no  separation  between  the  bone  of  the  jaw 
and  the  teeth  projecting  from  it  In  Man  and  the  higher  animals,  however, 
there  is  an  obvious  difference,  both  in  their  structure  and  mode  of  develop- 
ment. These  subjects  have  lately  received  much  attention;  and  the  practi- 
cal importance  of  an  acquaintance  with  them,  renders  it  desirable  that  they 
should  be  here  treated  somewhat  fully.  The  following  account  of  the  early 
formation  of  the  teeth  in  the  Human  foetus,  is  derived  from  the  researches 
of  Mr.  Goodsir.j: 

a.  At  the  sixth  week  of  foetal  life,  a  deep  narrow  groove  may  be  perceived,  in  the 
upper  jaw  of  the  human  embryo,  between  the  lip  and  the  rudimentary  palate;  this  is 
speedily  divided  into  two  by  a  ridge,  which  aAerwards 
become:^  the  external  alveolar  process;  and  it  is  in  the  Fig.  56. 

inner  groove  that  ihe  germs  of  the  teeth  subsequently 
appear.  Hence  this  may  be  termed  the  primitive  dental 
groove.  At  about  the  seventh  week,  an  ovoidal  papilla, 
consisting  of  a  granular  substance,  makes  its  appear- 
ance on  the  floor  of  the  groove,  near  its  posieriur  ter- 
mination; this  papilla  is  the  germ  of  the  anterior  supe- 
rior milk   molar  tooth.    About  the  eighth  week,  a 
similar  papilla,  which  is  the  germ  of  the  canine  tooth, 
arises  in  tront  of  this,  and  during  the  ninth  week  the 
germs  of  the  incisors  make  their  appearance  under      upperjawof  human  embryo  at 
the  same  form.   During  the  tenth  week,  processes  from    6th  week,  showing  6,  the  primitive 
the  sides  of  the  dental  groove,  particularly  the  external   denui  groove,  behind  a,  the  lip. 
one,  approach  each  other,  and  finally  meet  before  and   (After  Qoodsir.) 
behind  the  papilla  of  the  anterior  molar,  so  as  to  en- 

•  Gerber's  Anatomy,  p.  13.  note;  and  Edinb.  Med.  &  Surg.  Jour.,  Vol.  xlvi.  p.  313. 

t  A  very  good  account  of  the  different  opinions  which  have  been  entertained  in 
regard  to  the  reparation  of  Bone,  and  of  the  tacts  that  may  be  regarded  as  established, 
is  given  by  Mr.  Qulliver  in  the  Edinb.  Med.  and  Surg.  Journal.,  Vol.  xwv.  p.  42. 

X  Edinb.  Med.  and  Surg.  Journal,  Vol.  li. 
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close  it  in  a  follicle,  Ihroagh  ihe  mouth  of  which  it  may  be  seen.  By  a  similar  pro- 
cess, the  other  teeih  are  gradually  enclosed  in  corresponding  follicles.  The  germ  of 
the  posieriur  milk  molar  also  appears  during  the  tenth  week,  as  a  small  papilla.  By 
the  thirteenth  week,  the  follicle  of  the  posterior  molar  is  completed;  and  the  several 
papillae  undergo  a  gradual  change  of  form.  Instead  of  remaining,  as  hitherto,  sim- 
pie,  rounded,  blunt  masses  of  granular  matter,  each  of  them  assumes  a  particular 
shape;  the  incisors  acquire  in  some  degree  the  form  of  the  future  teeth;  the  canines 
became  simple  cones;  and  the  molars  become  cones  flattened  transversely,  somewhat 
similar  to  carnivorous  molars.  During  this  period,  the  papillae  grow  faster  than  the 
follicles;  so  that  the  former  protrude  from  the  mouth  of  the  latter.  At  this  time,  the 
mouths  of  the  follicles  undergo  a  change,  consisting  in  the  development  of  their  edges, 
so  as  to  form  opercula,  which  correspond  in  some  measure  with  the  shape  of  the 
crowns  of  the  future  teeth.  There  are  two  of  these  opercula  in  the  incisive  follicles, 
three  for  the  canines,  and  four  or  five  for  the  molars.  At  the  fourteenth  week  the 
inner  lip  of  the  dental  groove  has  increased  so  much,  as  to  meet  and  apply  itself  in  i 
valvular  manner  to  the  outer  lip  or  ridge,  which  has  been  also  increasing.  The  fol- 
licles at  this  time  grow  faster  than  the  papilloe,  so  that  the  latter  recede  into  the  former. 
The  primitive  dental  groove  then  contains  ten  papillae,  enclosed  in  as  many  follicle^ 
and  tlius  all  necessary  provision  is  made  for  the  production  of  the  first  set  of  teeth. 
(This  series  of  changes  is  represented  in  Fig.  57,  a — g.)  The  groove  is  now  situated, 
however,  on  a  higher  level  than  at  first:  and  it  has  undergone  such  a  change  by  the 
cjosure  of  its  edges,  as  to  entitle  it  to  the  distinctive  appellation  of  secondary  dentsU 
groove.  It  is  in  this  secondary  groove,  that  those  structures  originate,  which  are 
destined  for  the  development  of  the  second  or  permanent  set  of  teeth, — of  those  at 
least  which  replace  the  milk  teeth.    This  is  accomplished  in  the  following  manner. 


Diagrams  illustrative  of  the  formation  of  a  temporary,  and  its  corresponding,  permanent  lorth? 

from  a  mucous  membrane.  (After  Goodsir.) 

b.  At  about  the  fourteenth  or  fifteenth  week,  a  little  cresceniic  depression  raaj  be 
observed,  immediately  behind  the  inner  opercula  of  each  of  the  milk-tooth  folliclf^ 
This  depression  gradually  becomes  deeper,  and  constitutes  what  may  be  termed* 
cavity  of  reserve,  adapted  to  furnish  delicate  mucous  membrane  for  the  future  forma- 
tion of  the  sacs  and  pulps  of  the  ten  anterior  permanent  teeth.  These  cavities  of 
reserve  are  gradually  separated  from  the  secondary  dental  groove,  by  the  adhesion 
of  their  edges;  and  they  thus  become  minute  compressed  sacs,  situated  between  the 
surface  of  the  gum  and  the  milk-sacs.  They  gradually  recede,  however,  from  the 
surface  of  the  gum,  so  as  to  be  posterior  instead  of  inferior  to  the  milk-sacs;  andai 
last  they  imbed  themselves  in  the  submucous  cellular  tissue,  which  has  all  alon? 
constituted  the  external  layer  of  the  milk-sacs.  This  implantation  of  the  permanent 
tooth-sacs  in  the  walls  of  the  temporary  follicles,  gives  to  the  former  the  appearance 
of  being  produced  by  a  gemmiparous  process  from  the  latter.  This  series  or  chan^^ 
is  represented  in  Fig.  57,  g—n. 
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c.  We  now  return  to  the  milk-teeth,  the  papillae  of  which,  from  the  time  that  their 
follicles  close,  become  gradually  moulded  into  their  peculiarly  human  shape.  The 
molar  pulps  begin  to  be  perforated  by  three  canals,  which,  proceeding  from  the  surface 
towards  the  centre,  gradually  divide  their  primary  bases  into  three  secondary  bases; 
and  these  become  developed  into  the  fangs  of  the  future  teeth.  Whilst  this  is  going 
on,  ihe  sacs  grow  more  rapidly  than  the  papilla,  so  that  there  is  an  intervening  space, 
which  is  filled  with  a  gelatinous  granular  substance:  this  closely  applies  itself  to  the 
surface  of  the  papillae,  but  does  not  adhere  to  it.  The  branch  of  the  dental  artery 
which  proceeds  to  each  sac,  ramifies  minutely  in  its  proper  membrane,  but  does  not 
send  the  smallest  twig  into  the  granular  substance.  At  this  period,  the  tubercles  and 
apices  of  the  papillee  or  pulps  become  converted  into  real  deiuiTie  or  tooth-substance, 
in  the  manner  hereafter  stated  (§  633);  and  the  granular  matter  is  absorbed,  as  fast  as 
this  appears;  so  that,  when  the  process  of  conversion  has  reached  the  base  of  the  pulp, 
the  interior  of  the  dental  sac  is  leA  in  the  villous  and  vascular  condition  of  a  true 
mucous  membrane,  having  upon  it  a  very  thin  la^er  of  the  granular  substance,  which 
may  be  considered  as  a  sort  of  epithelium;  and  it  is  by  the  deposition  of  calcareous 
matter  in  the  fibrous  cells  of  this,  that  the  enamel  is  formed. 

d.  Whilst  these  changes  are  going  on,  other  important  preparations  are  being  made 
for  the  permanent  set.  The  general  adhesion  or  the  eages  of  the  primitive  dental 
eroove  (§  a)  does  not  invade  the  portion  which  is  situated  behind  the  posterior  milk 
loUicie;  this  retains  its  original  appearance  for  a  fortnight  or  three  weeks  longer, 
and  afibrds  a  nidus  for  the  development  of  the  papilla  and  follicle  of  the  anterior 
permanent  molar  tooth,  which  is  developed  in  all  respects  on  the  same  plan  with  the 
milk  teeth.  After  this  follicle  has  closed,  the  edges  of  the  dental  groove  meet  over 
its  mouth;  but  as  the  walls  of  the  groove  do  not  adhere,  a  considerable  cavity  is  left 
between  the  sac  of  the  tooth  and  the  surface  of  the  gum.  This  cavity  is  a  reserve 
of  delicate  mucous  membrane,  to  afford  materials  for  the  formation  of  the  second 
permanent  molar,  and  of  the  third  permanent  molar,  or  wisdom-tooth.  The  process 
just  described  is  represented  in  Fig.  58,  a — c.  It  will  be  convenient  here  to  continue 
the  account  of  the  development  of  these  teeth,  although  it  takes  place  at  a  much  later 
period.  Towards  the  end  of  fcBtal  life,  the  increase  of  j^e  bulk  of  the  milk-tooth  sacs 
lakes  place  so  much  more  rapidly  than  the  growth  of  the  jaw,  that  the  sac  of  the  anterior 
permanent  molar  is  forced  backwards  and  upwards,  into  the  maxillary  tuberosity; 
and  thus  it  not  only  draws  the  surface  of  the  gum  in  the  same  direction,  but  lengthens 
out  the  great  cavity  of  reserve  (Fig.  58,  d).  During  the  few  months  which  succeed 
Urtb,  however,  the  jaw  is  greatly  lengthened;  and  when  the  infant  is  eight  or  nine 
months  old,  the  anterior  permanent  molar  resumes  its  former  position  in  the  posterior 
part  of  the  dental  arch:  and  the  great  cavity  of  reserve  returns  to  its  original  size  and 
situation  (e).  This  cavity,  however,  soon  begins  to  bulge  out  at  its  posterior  side,  and 
projects  itself,  as  a  sac,  into  the  maxillary  tuberosity  (/);  a  papilla  or  pulp  appears  in 
lis  fundus;  and  a  process  of  contraction  separates  it  from  the  remainder  of  the  cavity 
uf  reserve.  Thus  the  formation  of  the  second  permanent  molar  from  the  first,  takes 
place  on  precisely  the  same  plan  with  the  formation  of  the  permanent  bicuspids  from 
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Diagrams  Illustrative  of  the  formation  of  the  three  permanent  molar  teeth,  from  the  non-adherent 

portion  of  the  dental  groove.  (After  Ooodslr.) 
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the  temporary  molars.  The  new  sac  at  first  occupies  the  maxillary  tnberosity  (^); 
but  the  lengiheniDg  of  the  jaw  gradually  allows  it  to  fall  downwards  and  forwards 
into  the  same  line  and  on  a  level  with  the  rest  (h).  Before  ii  leaves  the  tuberosity 
altogether,  the  posterior  extremity  of  the  remainaer  of  the  cavity  of  re.<^rve  sends 
backwards  and  upwards  its  last  o^set— the  sac  and  pulp  of  the  wisdom-tooth  (t);  this 
speedily  occupies  the  tuberosity  after  the  second  molar  has  left  it  (j)]  and  ultimately, 
when  the  jaw  lengthens  for  the  last  time,  at  the  age  of  nineteen  or  twenty,  it  takes  its 
place  at  the  posterior  extremity  of  the  range  of  the  adult  teeih  {k).  Thus,  the  wisdom- 
teeth  are  the  second  products  of  the  posterior  or  great  cavities  of  reserve;  and  the 
final  eflfects  of  development  in  the  secondary  dental  groove.  In  the  Elephant,  in 
which  there  is  a  continual  new  production  of  molar  teeth  at  the  back  of  the  jaw,  it 
is  probable  that  from  each  sac  a  cavity  of  reserve  is  formed,  which  produces  the  soc- 
ceeding  tooth;  and  thus  the  only  essential  difiference  between  its  deutiiion  and  that 
of  Man  consists  in  the  degree  of  continuance  of  this  gemmiparoas  process,  which 
ceases  in  Man  after  being  twice  performed,  but  is  repeated  in  the  Klephant  nntil 
nearly  the  close  of  its  life. 

e.  We  have  sketched  the  history  of  the  development  of  the  teeth,  up  to  the  time 
when  they  prepare  to  make  their  way  though  the  gum.  The  first  stage  of  this  de- 
velopement  may  be  termed  the  papillary;  and  the  second,  the  follicular.  The  latter 
terminates  when  the  papillae  are  completely  hidden  by  the  closure  of  the  months  d[ 
the  follicles,  and  of  the  groove  itself.  The  succeeding  stage,  which  has  long  been 
known  as  the  saccular,  is  the  one  during  which  the  whole  formation  of  the  tooto  sab- 
stance,  and  of  the  enamel,  takes  place.  It  is  during  this  period,  also,  that  the  ossii- 
cation  of  the  jaw  is  taking  place;  and  that  the  bony  sockets  are  formed  for  the  teeih, 
by  the  consolidation  of  the  anterior  and  posterior  ridges  bounding  the  alveolar  groove 
(in  which  the  dental  groove  was  originally  imbedded),  and  of  the  interfoUicular  Mpit 
which  are  produced  by  the  meeting  of  transverse  projections  from  these  ridges.  The 
history  of  aevelopment  in  the  lower  jaw  is  very  nearly  the  same;  the  chief  difierence 
being  in  theongin  and  situation  of  the  primitive  dental  groove. 

/.  We  have  now  only  to  consider  the  fourth  or  eruptive  stage, — that  in  which  the 
teeth  make  their  way  through  the  gum.  This  process  chiefly  results  from  the  lengtb- 
ening  of  the  fang  by  the  admtion  of  new  bony  matter;  and  the  crown  of  the  tooih  is 
thus  made  to  press  against  the  closed  mouth  of  the  sac  (Fig.  57,  m).    Thisai  last  gives 
way,  so  that  the  sac  assumes  its  previous  condition  of  an  open  follicle.     When  the 
edge  of  the  tooth  has  once  made  its  way  through  the  gum,  it  advances  more  rapidly 
than  can  well  be  accounted  for  by  the  usual  rate  of  lengthening  of  its  fang;  aM  this 
appears  to  be  due  to  the  separation  of  the  bottom  of  the  sac  from  the  fandns  of  the 
alveolus;  so  that  the  whole  tooth  apparatus  is  carried  nearer  to  the  surface,  leavinga 
space  at  the  bottom  of  the  alveolar  cavity,  in  which  the  further  lengthening  of  the 
root  can  take  place  {n).    The  open  portion  of  the  sac  remains  as  the  narrow  portion 
of  the  gum,  wnich  forms  a  vascular  border  and  groove  round  the  neck  of  the  perfected 
tooth  (0).    The  deeper  portion  of  the  sac  adheres  to  the  fang  of  the  tooth,  and  is  con- 
verted by  ossification  into  thecementum  orcrusta  petrosa  (§634).  What  iscommoBlr 
denominated  the  periosteum  of  the  tooth  really  belongs  as  much  to  the  alveolns.   ft 
is  connected  with  the  tooth  by  the  submucous  cellular  tissue,  which  originally  inter- 
vened between  the  tooth-sac  and  the  walls  of  the  osseous  cavity.    It  appears  from  Mr. 
Nasmyth's  researches,  that  the  inner  layer  of  the  portion  of  the  capsule  which  covered 
the  crown  of  the  tooth  remains  adherent  to  it,  forming  a  thin  coatmgofcrustapetrosi 
(most  of  which  is,  however,  soon  worn  off)  over  the  enamel.    During  the  period  that 
the  milk-teeth  have  been  advancing,  along  with  their  sockets,  to  their  perfect  state 
and  ultimate  position,  the  permanent  sacs  have  been  recedinginan  opposite  direction, 
and  have  with  their  bony  crypts  been  enlarging;  and  at  last  they  occupy  a  position 
almost  exactly  below  the  former  {n  and  o).    They  still  retain  a  communication  vith 
the  gum,  however;  the  channel  by  which  they  descended  not  having  completely  closed 
up,  and  the  neck  of  the  sac  being  elongated  into  a  cord  which  passes  through  this. 
The  channels  may  afterward  serve  as  the  itinera  dentium  and  tne  cords  as  gMbem^ 
cida;  but  it  is  uncertain  whether  they  really  afford  any  assistance  in  directing  the 
future  rise  of  the  tooth  to  the  surface,  the  successive  stages  of  which  are  represented 
in  Fig.  57,  p — i.    The  sacs  of  the  permanent  teeth  derive  their  first  vessels  from  the 
gums;  ultimately  they  receive  their  proper  dental  vessels  from  the  milk  sacs;  and,  is 
they  separate  from  the  latter  into  their  own  cells,  the  newly-formed  vessels,  conjoio- 
ing  into  common  trunks,  also  retire  into  permanent  dental  canals,  and  jrradoally 
become  the  most  direct  channels  for  the  blood  transmitted  through  the  jaw. 

g.  The  following  interesting  generalizations  respecting  the  development  of  th« 
teeth,  result  from  Mr.  Goodsir's  researches.  1.  The  miil'-teeth  are  formed  on  both 
sides  of  either  jaw  in  three  divisions,— a  molar,  a  canine,  and  an  incisive;  in  each ot' 
which,  dentition  proceeds  in  an  independent  manner.    3.  The  dentition  of  the  whole 
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arch  proceeds  from  behind  forwards,  the  molar  division  commencing  before  the 
canine,  and  the  canine  before  the  incisive.  3.  The  dentition  of  each  of  the  divisions 
proceeds  in  a  contrary  direction,  the  anterior  molar  appearing  before  the  posterior, 
the  central  incisor  before  the  lateral.  4.  Two  of  the  subordinate  phenomena  of  nu- 
trition also  obey  this  inverse  law,  the  follicles  closing  by  commencing  at  the  median 
line  and  proceeding  backwards,  and  the  dental  groove  disappearing  in  the  same 
direction.  5.  Dentition  commences  in  the  upperjaw,  and  continues  in  advance  dur- 
ing the  most  important  period  of  its  progress.  The  development  of  the  superior  in- 
cisors, however,  is  retarded  by  a  peculiar  cause,  so  that  the  inferior  incisors  have  the 
priority  in  the  time  of  their  completion  and  appearance.  6.  The  germs  of  the  per- 
manent teeth,  with  the  exception  of  that  of  the  anterior  molar,  appear  in  a  direction 
from  the  median  line  backwards.  7.  The  milk-teeth  originate,  or  are  developed, 
from  mucous  membrane.  8.  The  permanent  teeth,  also  originating  from  mucous 
membrane,  are  of  independent  origin,  and  have  no  connection  with  the  milk-teeth. 
9.  A  tooth-pulp  and  its  sac  must  be  referred  to  the  same  class  of  organs  as  the  com- 
bined papilla  and  follicle  from  which  a  hair  or  feather  is  developed. 

A.  The  following  is  the  usual  order  and  period  of  appearance,  of  the  several  pairs 
of  milk-teeth.  The  four  central  incisors  first  present  themselves,  usually  about  the 
seventh  month  after  birth,  but  frequently  much  earlier  or  later:  those  of  the  lower 
jaw  appear  first.  The  lateral  incisors  next  show  themselves,  those  of  the  lower  jaw 
coming  through  before  those  of  the  upper;  they  usually  make  their  appearance  be- 
tween the  seventh  and  tenth  months.  After  a  short  interval,  the  anterior  molars 
present  themselves, — generally  soon  afler  the  commencement  of  the  second  year;  and 
these  are  followed  by  the  canines,  which  usually  protrude  themselves  between  the 
fourteenth  and  twentieth  months.  The  posterior  molars  are  the  last,  and  the  most 
uncertain  in  regard  to  their  time  of  appearance;  this  varying  from  the  eighteenth  to 
the  thirty-sixth  month.  In  regard  to  all  except  the  front  teeth,  there  is  no  settled  rule 
as  to  the  priority  of  appearance  of  those  in  the  upper  or  under  jaw;  sometimes  one 
precedes,  and  sometimes  the  other;  but  in  general  it  may  be  stated,  that,  whenever 
one  makes  its  appearance,  the  other  cannot  be  far  off.  The  same  holds  good  in  re- 
gard to  the  two  sides,  in  which  development  does  not  always  proceed  exactly  pari 
passQ.  The  period  of  dentition  is  one  of  considerable  risk  to  the  infant's  life.  The 
pressure  upon  the  nerves  of  the  gum,  which  necessarily  precedes  the  opening  of  the 
sac  and  the  eruption  of  the  tooth,  is  a  fruitful  source  of  irritation,  producing  disorder 
of  the  whole  system,  especially  of  the  digestive  organs,  and  not  unfrequently  giving 
origin  to  fatal  convulsive  afieciions.  These  last  have  been  particularly  studied  by 
Dr.  M.  Hall;  who  recommends  the  free  use  of  the  gum-lancet  as  a  most  important 
means  of  prevention  and  cure.  Even  where  dentition  proceeds  quite  naturally,  and 
is  not  itself  a  cause  of  diseased  action,  it  induces  an  irritable  state  of  the  whole  con- 
stitution, which  aggravates  the  effects  of  other  morbific  causes.  It  is,  therefore,  of 
the  greatest  consequence  that  the  infant  should  be  withdrawn,  during  this  period, 
from  all  injurious  mfiuences;  and  that  no  irregularity  of  diet,  or  deficiency  of  fresh 
air  and  exercise,  should  operate  to  its  disadvantage. 

i.  After  the  lapse  of  a  few  years,  the  further  elongation  of  the  jaw  permits  the  ap- 
pearance of  the  nrsttrue  molar,  which,  as  already  remarked,  is  really  a  milk-tooth, 
so  far  as  its  formation  is  concerned.  This  commonly  presents  itself  about  the  mid- 
dle or  end  of  the  seventh  year;  sometimes  preceding,  and  sometimes  following,  the 
exchange  of  the  central  incisors,  which  takes  place  about  the  same  time.  When  the 
permanent  teeth  have  so  much  enlarged,  that  they  can  no  longer  be  contained  within 
their  own  alveoli,  they  press  upon  the  anterior  parietes  of  those  cavities,  and  cause 
their  absorption;  so  that  each  tooth  is  allowed  to  come  forwards,  in  some  degree,  into 
the  lower  part  of  the  socket  of  the  corresponding  temporary  tooth.  The  root  of  the 
temporary  tooth  now  begins  to  be  absorbed,  generally  at  the  part  nearest  its  succes- 
sor; and  this  absorption  proceeds  as  the  new  tooth  advances,  until  the  root  of  the 
milk-tooth  is  completely  removed,  when  its  crown  falls  off,  leaving  room  for  the  per- 
manent tooth  to  supply  its  place  (Fig.  57,  p—t)-  This  absorption  is  usuallv  regarded 
as  dae  to  the  pressure  of  the  permanent  tooth;  but  this  does  not  appear  to  be  the  case; 
for  it  is  mentioned  by  Mr.  Bell  that  it  is  not  an  uncommon  occurrence  for  the  root 
of  the  temporary  tooth  to  be  wholly  absorbed,  and  for  the  crown  to  fall  out  sponta- 
neously, long  before  the  succeeding  tooth  has  approached  the  vacant  space.  The 
same  has  been  remarked  by  Mr.  Bell,  of  the  cavity  in  the  jaw  which  is  formed  for 
the  reception  of  the  sac  of  the  permanent  tooih,  at  the  lime  that  it  buds  off  from  that 
of  the  milk-tooth; — the  excavation  being  often  seen  to  commence  before  the  new  sac 
is  formed.  Hence,  although  the  two  processes,  growth  and  absorption,  are  usually 
contemporaneous  in  each  instance,  they  are  by  no  means  dependent  on  each  other. 
Still  it  would  seem  that  the  existence,  if  not  the  pressure,  oi  the  new  iooth  is  neces- 
sary to  determine  the  absorption  of  the  old;  for  cases  are  not  unfrequent,  in  which 
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the  temporary  teeth  retain  their  situation  in  the  mouth,  with  considerable  firmness; 
until  aonltage,  the  corresponding  permanent  ones  not  naving  been  formed. 

k.  In  the  successive  replacement  of  the  milk-teeth  by  the  permanent  set,  a  rerr 
regular  order  is  usually  followed.  The  middle  incisors  are  hrst  shed  and  renewed, 
and  then  the  lateral  incisors.  The  anterior  milk  molars  next  follow;  and  these  are 
replaced  by  the  anterior  bicuspid  teeih.  About  a  year  aAerwards,  the  posterior  milk 
molars  are  shed,  and  replaced  in  like  manner,  by  bicuspid  teeth.  The  canines  are 
the  last  of  the  milk-teeth  to  be  exchanged;  the  development  of  the  new  ones  not  taking 
place  until  the  12ih  year.  In  the  succeeding  year,  the  second  pair  of  true  molais 
appears;  the  third  pair,  or  derUes  sapierUia^  are  seldom  developed  until  three  or  foni 
years  subsequently,  and  often  much  longer.  It  has  been  recently  proposed*  (and, 
from  the  evidence  adduced  in  its  favour,  the  proposition  would  seem  entitled  to  con- 
siderable attention)  to  adopt  the  successive  stages  in  the  second  dentition,  as  stand- 
ards for  estimating  the  physical  capabilities  of  children,  especially  in  regard  to  those 
two  periods  which  the  Factory  Laws  render  it  of  the  greatest  importance  to  deter 
mine,— namely,  the  ages  of  nine  and  thirteen  years.  Previously  to  the  former,  a 
child  is  not  permitted  to  work  at  all;  and  up  to  the  latter,  it  may  be  only  employed 
during  9  hours  a  day.  The  necessities  or  the  cupidity  of  parents  are  continually 
inducing  them  to  misrepresent  the  ages  of  their  children;  and  it  has  been  found  de- 
sirable, therefore,  to  seek  for  some  test,  by  which  the  capability  of  the  child  may  be 
determined,  without  a  knowledge  of  its  age.  A  standard  of  height  has  been  adopied 
by  the  Legislature  for  this  purpose;  but  upon  grounds  which,  physiologically  cooa- 
dered,  are  very  erroneous;  since,  as  is  well  known,  the  tallest  children,  are  frequently 
the  weakliest.  According  to  Mr.  Saunders,  the  degree  of  advance  of  the  second 
dentition  may  be  regardeaas  a  much  more  correct  standard  of  the  degree  of  geneni 
development  of  the  organic  frame,  and  of  its  physical  powers;  and  it  appears  froa 
his  inquiries  that  it  may  be  relied  on  as  a  guiae  to  the  real  age,  in  a  large  proportioa 
of  cases,  whilst  no  serious  or  injurious  mistake  can  ever  arise  from  its  use.  It  may 
happen  that  local  or  constitutional  causes  may  have  slightly  retarded  the  develop- 
ment of  the  teeth;  in  which  case  the  age  of  the  individual  would  rather  be  nnder- 
estimated,  and  no  harm  could  ensue;  on  the  other  hand,  instances  of  premature  de- 
velopment of  the  teeth  very  rarely,  if  ever  occur:  so  that  there  is  no  danger  of  impatiag 
to  a  child  a  capabilitv  for  exertion  which  be  does  not  possess,  as  the  test  of  heigktis 
continually  doing.  Moreover,  if  such  an  advance  in  dentition  should  occur,  it  might 
probably  be  regarded  as  Indicative  of  a  corresponding  advance  in  the  development  of 
the  whole  organism;  so  that  the  real  capability  would  be  such  as  the  teeth  repre- 
sent it. 

I,  The  following  is  Mr.  Saunders's  statement  of  the  ages  at  which  the  permanest 
teeth  respectively  appear.  The  first  true  molars  usually  make  their  appearance  to- 
wards the  end  of  the  seventh  year.  Occasionally  one  of  them  protrudes  from  thegnn 
at  6,  or  more  frequently  at  6^  years  of  age;  but  the  evolution  of  the  whole  of  then 
may  be  regarded  as  an  almost'infallible  sign  of  the  child's  being  7  years  of  age.  la 
other  instances,  however,  where  the  tooth  on  one  side  of  the  mouth  is  freely  deve- 
loped, it  is  fair  to  reckon  the  two  as  having  emerged  from  their  capsule;  since  ike 
development  of  the  other  must  be  considered  as  retarded.  This  rule  only  holdsgood, 
however,  in  regard  to  teeth  in  the  same  row;  for  the  development  of  the  teeth  ia 
either  iaw  must  not  be  inferred  from  that  of  the  corresponding  teeth  in  the  other. 
With  this  understanding,  the  results  of  the  application  of  the  following  taUe  will 
probably  be  very  near  the  truth. 

Central  Incisors  developed  at    8  years 

Lateral  Incisors 9  — 

First  Bicuspid 10  — 

Second  Bicuspid 11  — 

Cuspidati 12  to  12} 

Second  Molars 12}  to  14 

The  following  are  the  results  of  the  application  of  this  test  in  a  large  nnmber  of 
cases  examined  by  Mr.  Saunders.  Of  708  children  of  nine  years  old,  530wonldhtn 
been  pronounced  by  it  to  be  near  the  completion  of  their  ninth  year,  having  the  cei- 
tral  and  either  three  or  four  lateral  incisions  fully  developed.  Out  of  the  remaiatB? 
178,  it  would  have  indicated  that  126  were  8Jyea'rs  old,  as  they  presented  one  or  two 
of  the  lateral  incisors;  and  the  52  others  would  have  been  pronounced  8  years  old, 
all  having  three  or  four  of  the  central  incisors.  So  that  the  extreme  deviation  is  od^ 
12  months;  and  this  in  the  inconsiderable  proportion  (when  compared  with  the  re- 
sults obtained  by  other  means)  of  52  in  708,  or  7i  per  cent.    Again,  out  of  338  ehil- 
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dren  of  13  years  of  age,  294  might  have  been  pronounced  with  confidence  to  be  of 
that  age,  having  the  cuspidati,  bicuspid,  and  second  molars,  either  entirely  deve- 
loped, or  with  only  the  deficiency  of  one  or  two  of  either  class.  Of  the  44  others,  36 
would  have  been  considered  as  in  their  13th  year,  having  one  of  the  posterior  molars 
developed;  and  8  as  near  the  completion  of  the  12ih,  having  two  of  the  cuspidati,  and 
one  or  two  of  the  second  bicuspid.  In  all  these  instances,  the  error  is  on  the  favour- 
able side, — that  is,  on  the  side  on  which  it  is  calculated  to  prevent  injury  to  the  objects 
of  the  inc^uiry;  in  no  instance  did  this  test  cause  a  child  to  be  estimated  as  older  or 
more  fit  lor  labour  than  it  really  was. 

m.  The  value  of  this  test,  as  compared  with  that  of  height,  is  manifested  by  a 
striking  example  adduced  by  Mr.  Saunders.  The  height  of  one  lad,  J.  J.,  aged 
8  years  and  4  months,  was  4  feet  and  j  of  an  inch;  that  of  another  boy,  aged  8 
years  and  7  months,  was  only  3  feet  H  inches.  According  to  the  standard  of  height 
adopted  by  the  Factory  Commissioners  (namely  3  feet  ten  inches)  the  taller  lad  would 
have  been  judged  fit  for  labour,  whilst  the  shorter  would  have  been  rejected.  The 
dentition  of  the  latter,  however,  was  further  advanced  than  that  of  the  former;  for  he 
had  two  of  the  lateral  incisors,  whilst  the  former  had  only  the  central;  and  the  deter- 
mination of  their  relative  physical  powers,  which  would  have  been  thus  formed, 
would  have  been  in  complete  accordance  with  the  truth.  The  elder  boy,  though 
shorter  than  the  other  by  5}  inches,  possessed  a  much  greater  degree  both  of  corpo- 
real and  mental  energy;  and  his  pulse  was  strong  and  regular,  whilst  that  of  the 
younger  lad,  who  was  evidently  growing  too  fast,  was  small  and  frecjuent.  An  in- 
stance even  more  striking  has  come  under  the  Author's  own  observation. 

633.  The  development  of  the  Human  Tooth  can  only  be  rightly  under- 
stood, when  it  is  compared  with  the  same  process  in  the  inferior  animals. 
Thus  in  certain  Fishes,  as  the  Shark,  the  tooth  is  completed  without  the 
formation  of  the  matrix  ever  having  proceeded  beyond  the  first  or  papillary 
stage,  the  tooth  remaining  attached  to  the  mucous  membrane  only  of  the 
mouth.  In  many  other  Fishes  and  in  Serpents,  the  follicular  and  saccular 
stages  are  completed;  but  the  enamel-organ  is  not  developed.  It  is  evident, 
then,  that  the  papillary  pulp  alone  is  concerned  in  the  formation  of  the  real 
tooth-substance.  From  the  description  of  Purkinje  and  Raschkow,  it  ap- 
pears that  the  parenchyma  of  the  papilla  is  composed  of  minute  spherical 
cells,  the  free  surface  of  which  is  covered  by  a  peculiarly  dense,  structureless, 
pellucid  membrane;  and  it  is  within  this,  that  the  formation  of  the  dentine 
commences.  Blood-vessels  soon  penetrate  the  granular  pulp,  form  several 
anastomoses  in  their  course  through  its  substance,  and  terminate  in  a  rich 
and  delicate  network  of  capillaries,  on  that  part  of  the  surface  of  the  pulp 
where  the  dentine  has  begun  to  be  formed.  The  granules  of  the  pulp  im- 
mediately beneath  the  preformative  membrane,  have  a  more  elongated  form 
than  the  rest,  and  are  placed  either  vertically,  or  at  an  acute  angle  with  the 
membrane.  This  appears  to  be  a  stage  of  transition  towards  the  structure, 
which  is  afterwards  characteristic  of  the  dentine;  for  a  large  portion  of  this 
consists  of  tubes  formed  by  the  aggregation  of  cells  of  longitudinal  form 
arranged  end  to  end.*  Dentine  may  be  described  as  composed  of  an  organ- 
ized animal  basis,  composed  of  tubes  and  of  cells,  the  former  predominating 
in  some  instances,  the  latter  in  others;  and  of  calcareous  particles,  of  which 
some  appear  to  be  deposited  in  the  substance  of  the  animal  membrane  itself, 
and  others  to  be  contained  in  a  minutely  and  irregularly  granular  state  in  the 
cavities  formed  by  it.  The  tubes  pass  from  the  unconsolidated  portion,  or 
central  pulp  cavity,  towards  the  circumference;  in  some  animals,  however, 
the  central  pulp  cavity  sends  off  processes  or  secondary  canals,  from  which 
the  tubes  radiate.  The  tubes  sometimes  bifurcate  at  intervals,  and  occasion- 
ally send  off  lateral  branches;  in  some  animals  they  terminate  in  cells  with 

•  This  account  of  the  origin  of  the  tubes  is  confirmed  by  the  observations  of  Mr. 
Nasmytb;  who  has  observed  that,  even  in  the  fully-formed  tooth,  the  tubes  frequently 
have  a  baccated  appearance,  resembling  a  string  of  beads.  See  his  Memoirs  on  the 
Development  and  Structure  of  the  Teeth  and  Epithelium. 
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radiating  prolongations  like  the  bone  corpuscles.  Hence  the  conFenion  of  the 
vesicular  pulp  into  the  animal  portion  of  the  dental  structure,  involves  several 
degrees  of  change.  Some  of  the  cells  are  elongated,  and  form  tubes  by  the 
breaking-down  of  the  partitions  between  their  extremities.  In  others,  the 
simple  globular  form  is  changed  into  the  radiating.  And  in  a  large  portioQ, 
forming  the  intertubular  substance,  but  little  alteration  takes  place,  the  ori* 
ginal  parenchymatous  character  being  here  retained.  The  calcareous  depo- 
sition appears  to  line  the  tubes,  sometimes  so  thickly  as  almost  to  obliterate 
their  calibre.  Their  use  is  uncertain,  except  it  be  to  convey  this  matter 
from  the  pulp  cavity  towards  the  exterior  of  the  tooth.  Dentine  is  ItKlf 
entirely  destitute  of  vascularity;  but  the  membrane  lining  the  pulp  cavity, 
and  extending  into  its  prolongations  (where  such  exist),  is  minutely  vascu- 
lar. Its  chemical  composition  is  nearly  the  same  with  Uiat  of  bone;  bat  the 
animal  matter  is  in  smaller  proportion,  not  amounting  to  more  than  from  90 
to  29  per  cent.;  and  the  proportion  of  phosphate  to  carbonate  of  lime  ii 
greater. 

634.  The  formation  of  the  Enamel  has  already  been  described.     Thii 
substance  contains  a  much  larger  proportion  of  the  hardening  salts  than  do 
the  other  dental  tissues;  the  animal  matter  forms  not  more  than  2  percent, 
whilst  the  phosphate  of  lime  constitutes  88^  parts  in  100.     In  its  most 
perfect  form  it  is  very  uniform  in  structure,  consisting  of  a  series  of  prif' 
matic  fibres  or  elongated  cells  lying  in  close  proximity  to  each  other,  theb 
membranous  walls  being  completely  permeated  with  calcareous  matter,  ai 
well  as  lined  with  the  deposit  which  fills  the  cavities.    Another  substance- 
the  Crusta  Petrosa  or  Cementum — still  remains  to  be  described;  this  foimi 
but  a  small  part  of  the  Human  tooth;  merely  surroundiag  its  fang,  and 
originally  existing  as  a  very  thin  layer  over  its  crown;  but  in  the  molar 
teeth  of  herbivorous  animals,  it  is  a  very  important  constituent,  forming  thick 
plates  between  the  dentine  and  the  enamel.     This  substance  has  very  nearly 
the  characteristic  structure  and  composition  of  true  bone;  and  it  appears  to 
be  formed  by  the  ossification  of  the  membrane  of  the  sac,  the  lower  partd* 
which,  as  already  explained,  closes  round  the  base  of  the  tooth  at  an  eariv 
period.*     It  is  thought  by  Mr.  Goodsir  that  the  opercula  of  the  sacs  of 
Human  Teeth  are  rudimentary  organs,  which  assume  their  full  develop* 
ment  in  the  sacs  of  elephantoid,  ruminant,  and  other  compound  teeth;  where 
they  dip  down  as  depending  folds,  by  the  ossification  of  which,  the  occax* 
renceof  plates  of  cementum  in  the  midst  of  these  teeth  is  fully  accountedfor. 
It  is  by  an  inflammatory  process,  taking  place  in  the  ossified  capsule  80^ 
rounding  the  fang,  that  those  exostoses  are  produced,  which  sometimes  form 
very  troublesome  appendages  to  the  teeth.     Besides  these  three  substances, 
a  fourth  has  been  very  recently  described  by  Mr.  Nasmyth,as  occurring  imm^ 
mally  in  many  of  the  lower  animals,  and  as  occasionally  presenting  itself  tf 
a  result  of  diseased  action  in  Man.     This  is  formed  by  the  consolidation  of 
the  central  part  of  the  pulp,  which  usually  remains  uncalcified,  occupying 
the  cavity  of  the  tooth;  "  it  partakes  much  of  the  fibrous  character  of  the 
ivory,  being  composed  of  irregularly-radiating  filaments;  blended  with  small 
calcigerous  cells  in  which  ossified  vessels  are  seen  to  ramify;"  and  maybe 
considered,  therefore,  as  intermediate  between  true  ivory  and  bone. 

635.  We  have  now  to  consider  those  tissues  in  which  little  or  no  trace 
remains  of  the  primordial  cells;  and  in  which  these  are  replaced  by  fibres. 
Much  obscurity  still  hangs  over  the  nature  of  this  metamorphosis;  and  it 

♦  This  and  most  of  the  statements  contained  in  55  633  and  634,  are  derived  from  the 
Introduction  to  Prof.  Owen's  Odontography. 
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may  be  advantageous  for  us  to  begin  by  considering  it  as  it  presents  itself 
in  one  of  the  extra-vascular  tissues,  which  is  properly  ranked  among  the 
epidermoid  appendages.  The  Hair  takes  its  origin  in  little  follicles  or 
open  sacs,  formed  by  the  inversion  of  the  cutis,  and  lined  by  a  reflexion  of 
the  epidermis.  Each  of  these  follicles  contains  what  is  designated  as  the 
htdh  of  the  hair,  which  has  generally  been  described  as  the  soft  newly- 
formed  part  that  subsequently  consolidates  into  the  outer  portion;  whilst 
the  still  softer  interior  of  the  bulb,  termed  the  pulp,  has  been  supposed  to 
furnish  the  matter  of  the  interior.  The  follicle  is  extremely  vascular;  and 
even  the  bulb  is  reddened  by  a  minute  injection,  though  no  distinct  vessels 
can  be  traced  into  it.  It  has  until  recently  been  imagined  that  the  Hair, 
like  the  other  extra- vascular  tissues,  is  a  mere  product  of  secretion;  its 
material  (horny  matter,  §  620)  being  elaborated  from  the  surface  of  the 
pulp.  This,  however,  proves  to  be  a  very  erroneous  account  of  it.  By 
the  recent  inquiries  of  Dr.  Bidder*  it  has  been  shown,  that  the  hair,  like 
other  tissues,  has  its  origin  in  cells,  and  is  produced  by  a  very  simple 
transformation  of  them.  It  appears  that  the  pulp  consists  of  an  aggregation 
of  cells,  springing  from  the  deepest  part  of  the  follicle  or  capsule;  the  form 
of  these,  towards  the  lower  part,  usually  approaches  the  globular,  whilst 
nearer  the  base  of  the  hair  they  are  more  prolonged.  The  average  longest 
diameter  of  these  cells  is  about  '000039th  of  an  inch;  their  nuclei  may  be 
occasionally  seen,  but  are  very  minute.  They  are  united  together  by  a 
cytoblastema  or  intercellular  substance  of  considerable  tenacity.  Nearer 
the  base  of  the  hair,  the  cells  undergo  a  considerable  change  of  form;  their 
extremities  are  much  prolonged,  whilst  their  breadth  is  diminished;  and 
they  now  form  connected  series,  by  adhesion  to  each  other,  which  consti- 
tute what  are  ordinarily  known  as  the  root-fibres  of  the  hair.  These  fibres 
may  be  traced  continuously  into  the  hair,  which  is  entirely  composed  of 
them;  they  may  be  seen  without  difficulty  in  the  newly-formed  portion; 
and  even  the  fully-developed  and  hardened  part  may  be  resolved  into  a 
kind  of  plexus  of  such  fibres,  by  prolonged  maceration  in  acids.  These 
fibres,  again,  may  be  distinguished  as  consisting  of  bundles  of  fibrillae, 
which  are  evidently  elongated  cells  of  great  minuteness,  having,  at  their 
broadest  part  (in  which  the  nucleus  may  be  distinguished)  a  diameter  of 
only  about  *00003th  of  an  inch.  These  are  united  by  the  cytoblastema,  to 
which  the  the  colour  of  the  hair  appears  due.  The  number  of  the  fibrillae 
which  must  be  united  in  the  diameter  of  the  hair,  is  estimated  at  about  250; 
this  is  far  greater  than  that  of  the  cells  composing  the  pulp,  although  the 
latter  is  three  times  the  diameter  of  the  hair;  and  it  can  scarcely  be  doubted, 
therefore,  that  each  fasciculus  of  fibrillse  is  in  fact  a  bundle  of  secondary 
cells  of  an  elongated  form,  developed  in  the  usual  manner  from  the  primary 
cells  of  the  pulp  .t 

636.  The  Hair,  then,  can  no  longer  be  regarded  as  an  unorganized 
secretion,  any  more  than  can  the  epidermis,  and  its  other  appendages. 
This  is  made  very  evident  by  an  examination  of  the  quill  of  the  Porcupine, 
or  the  spine  of  the  Hedgehog,  which  are  nothing  else  than  hair  on  a  large 
scale;  the  interior  of  these  is  composed  of  a  sort  of  medulla,  which,  when 
examined  with  the  microscope,  is  found  to  consist  entirely  of  distinct 
vesicles  resembling  those  of  the  pith  of  plants;  whilst  the  exterior  is  formed 
by  a  plexus  of  horny  fibres,  resembling  those  which  constitute  the  whole 

♦  MQUer's  Archiv.  1840,  and  Edinb.  Phil.  Journal,  July,  1841. 

t  This  is  the  Author's  own  explanation  of  the  difficulty  suggested  by  Dr.  Bidder; 
it  is  perfectly  conformable  to  facts  elsewhere  ascertained  respecting  the  development 
of  secondary  cells.    See  Princ.  of  Gen.  and  Comp.  Pbys.  §  430. 
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Human  hair.  The  distinction  between  medullary  and  cortical  snbetaoee 
may  be  traced  in  the  true  hairs  of  many  other  animals, — as  in  the  bristles 
of  the  Hog;  in  some,  the  hair  is  tubular,  with  transverse  partitions  at  inte^ 
vals,  like  those  in  the  stems  of  Grasses.  It  is  quite  evident  that  the  active 
growth  of  the  hair  can  only  take  place  at  its  base,  where  alone  it  is  lo 
connection  with  the  vascular  system;  but  the  knowledge  of  its  organized 
structure  enables  us  to  explain  many  phenomena,  which  were  previously 
obscure.  Thus,  in  the  disease  termed  Plica  Polonica,  a  change  takes  place 
in  the  hair,  which  often  occurs  at  a  distance  from  its  roots;  this  change 
consists  in  the  splitting  of  the  hair  into  fibres,  and  the  exudation  from  it  of  a 
glutinous  substance;  which  two  causes  unite  in  occasioning  that  peculiar 
matting  of  the  hair,  which  has  given  origin  to  the  name  of  the  disease.  It 
is  said  that  bleeding  takes  place,  in  this  disease,  from  the  stumps  of  htin 
which  are  cut  off  close  to  the  skin;  and  this  may  be  easily  credited,  sinee 
the  increased  activity  in  the  secretive  power  of  the  cells  of  the  hair  most 
require  an  increase  in  their  supply  of  blood.  It  is  very  easy  to  understand, 
from  the  analogy  of  the  Cellular  Plants  in  which  no  vessels  exist,  how  tlM 
fluid  that  is  supplied  to  the  base  of  the  hair  may  find  its  way  upwards;  it 
will,  of  course,  be  more  freely  transmitted  by  the  newly-formed  cells  from 
one  to  another,  than  by  those  of  which  the  interior  is  lined  by  homj 
deposit,  as  must  be  the  case  with  the  cell-fibres  of  which  the  fully-developed 
hair  is  composed.  But  even  these  are  capable  of  being  affected  by  fluid 
supplied  to  the  base  of  the  hair;  as  is  evident  from  the  well-known  fact  of 
sudden  change  of  colour  of  the  hair  under  the  influence  of  strong  mental 
emotions.  The  nature  of  the  colouring  matter  is  not  known;  it  is  bleached 
by  chlorine;  and  its  hue  seems  in  part  to  be  influenced  by  the  presence  of 
iron,  which  is  found  in  larger  proportion  in  dark  that  in  light  hair. 

637.  The  following  general  account  of  the  growth  of  Hair  is,  perhaps, 
the  most  complete  that  our  present  acquaintance  with  it  permits.  The 
cells  of  the  pulp  are  evidently,  in  the  first  instance,  a  modification  of  those 
of  the  epidermis,  being  produced  in  continuity  with  them  from  a  portion  of 
the  surface  of  the  cutis  vera.  The  primary  cells  become  elong^ated,  and 
generate  within  themselves  fasciculi  of  fibres  or  secondary  cells,  which  in- 
terlace to  form  the  hair-cylinder.  The  walls  of  these  fibre-cells  are  at  first 
soft  and  permeable;  and  the  lower  part  of  the  hair,  which  is  composed  of 
them,  seems  to  admit  the  passage  of  fluid  without  much  difficulty.  At  a 
short  distance  from  the  base,  however,  the  homy  character  of  the  hair, 
occasioned  by  the  deposit  of  horny  matter  in  the  interior  of  the  fibres,  be- 
comes apparent.  There  is,  then,  at  the  base,  a  continual  formation  of  soft 
fibrous  tissue,  by  which  the  length  of  the  cylinder  is  increased;  whilst  at  a 
short  distance  above  it,  there  is  a  continual  consolidation  of  this  (as  it  pro- 
gressively arrives  at  that  point)  by  a  deposit  of  a  peculiar  secretion  in  its 
substance. 

638.  A  very  large  proportion  of  the  body,  in  the  higher  Animals,  is 
composed  of  a  tissue  to  which  the  name  of  Cellular  is  ordinarily  given; 
this  term,  however,  is  so  much  more  applicable  to  those  structures  that  are 
composed  of  a  congeries  of  distinct  cells,  and  the  use  of  it  for  both  purposes  is 
likely  to  engender  so  much  confusion,  that  it  is  much  to  be  wished  that  its 
application  to  this  purpose  should  be  altogether  discontinued.  The  tissue 
in  question  is  composed  of  a  network  of  fibres,  and  of  lamellae  formed  by 
the  adhesion  of  fibres  laid  side  by  side;  and  tliese  are  interwoven  in  such  a 
manner,  as  to  leave  very  numerous  interstices  and  cavities  amongst  them, 
having  a  tolerably  free  communication  with  each  other.  These  interstices 
are  filled  during  life  with  a  serous  fluid.     It  has  been  proposed  to  designate 
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this  tissue  as  areolar;  but  perhaps  the  term  Jibro-ceUular  may  be  regarded 
as  equally  disiinclive,  and  may  be  more  readily  adopted.  That  this  tissue, 
like  those  already  described,  originates  in  cells  or  vesicles,  there  can  be  no 
doubt;  and  Dr.  Barry  considers  the  correspondence  between  these  primor- 
dial cells  and  the  blood-corpuscles  to  be  sufficiently  evident.  Ii  has  been 
stated  by  some  observers  thai  the  cells  ihemselveB  become  transformed  into 
fibres,  by  elongation  and  by  the  splitting  of  their  membrane;  but  it  rather 
appears  that  the  fasciculi  o(  fibre*  which  originate  in  each  cell  is  in  some 
way  produced  from  the  contents  of  that  cell,  perhaps  in  the  manner  jusi 
described  in  regard  to  hair.  The  libtes,  when  completely  formed,  are  from 
l-16000ih  to  l-13500th  o{  an  inch  in  diameter;  they  are  tisually  neariy 
cylindrical,  and  commonly  run  in  sinuous  lines. 

j  Fibro-cellular  or  areolar  tissue,  when  examined  under  (he  mieroscope,  is 
found  to  be  composed  of  two  elements.  The  one  formed  of  inelastic  wavy 
band*  of  variable  thickness,  in  which  are  numerous  longitudinal  streaks,  not 
usually  parallel  to  the  border,  however.  The  tortuous  appearance  of  these 
streaks  disappears  on  stretching;  and  they  seem  more  the  marks  of  a  longitu- 
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dinat  creasing,  than  a  trnc  separation;  for  it  is  impossible  to  tear  ihem  up,  by 
any  art,  into  filaments  of  determinate  size,  although  they  manifest  a  decided 
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tendency  to  tear  lengthwise.*    The  larger  of  these  bands  are  oiVen  as  wide 
as  7^th  of  an  inch;  they  branch  and  unite  with  others  here  and  there.    The 
smaller  ones  are  so  minute  as  to  be  visible  only  by  the  highest  powers.    This 
is  the  white  fibrous  element.     The  yellow  fibrous  element  consists  of  long 
single,  elastic,  branched  filaments,  with  a  dark,  decided  border*  and  which 
when  not  stretched  are  disposed  to  curl.    They  are  entirely  distinct  from  the 
other  fasciculi  merely  interlacing  with  them.     They  are  about  the  ^^^thof 
an  inch  in  diameter  (Fig.  55,  k).  These  two  elements  may  be  readily  distiih 
guished  by  immersing  the  tissue  in  dilute  acetic  acid,  which  causes  \hewhiit 
fibrous  element  to  swell,  and  become  transparent,  whilst  the  other  element 
is  not  affected.     When  the  wavy  bands  of  the  white  fibrous  part  are  touched 
by  the  acid  they  expand  en  masse  according  to  Todd  and  Bowman*  not » 
though  constituted  of  a  bundle  of  fasciculi.     Yet  there  often  remains  in 
them  an  appearance  of  more  or  less  wavy  transverse  lines,  at  pretty  eqoal 
distances,  bearing  a  remote  resemblance  to  those  in  the  fibre  of  striped  mot- 
cle.     This  appearance  has  not  yet  been  explained.     The  acetic  acid  also 
brings  into  view  oval  corpuscles,  sometimes  broken  into  fragments,  sod 
stretching  for  some  distance  along  the  interior  of  the  band.     These  are  pro- 
bably the  nuclei  of  the  cells,  from  which  the  bands  are  originally  produced. 
Schwann  has  described  areolar  tissue  as  consisting  in  its  incipient  stage,  of 
nucleated  particles  sending  ofisets  on  the  opposite  sides,  and  uniting  with 
others  in  the  neighbourhood.     The  threads  thus  formed  are  homogeneotu, 
but  their  wavy  character  is  subsequently  developed  among  the  longitudinal 
streaks.     Todd   and  Bowmant  state  that,  they  have  frequently  observed 
among  the  threads  of  areolar  tissue  taken  from  adult  subjects  a  number  of 
corpuscles  (Fig.  55,/,  d,)  either  isolated,  or  having  very  delicate  prolongatioos 
among  the  neighbouring  threads.     They  suppose  that  these  are  advancing 
or  receding  stages  of  the  tissue. — M.  C.  j 

Fibro-cellular  tissue  is  traversed  by  blood-vessels  and  lymphatics  which 
are  abundantly  distributed  through  it;  it  is  very  readily  reproduced;  and 
cells  and  nuclei  in  all  stages  of  development  are  met  with,  when  it  is  folly 
examined, — showing  that  it  is  in  process  of  active  growth  or  renewal  in  the 
ordinary  condition  of  the  living  body.     It  possesses  a  considerable  amount 
of  elasticity,  and  some  real  contractility,  which  is  called  into  play  by  certam 
stimuli.     The  particular  manner  in  which  the  fibres  are  interwoven,  varies 
greatly  in  the  different  situations  in  which  this  tissue  presents  itself.     The 
chief  proximate  principle  contained  in  the  cellular  tissue  of  adult  animals  is 
gelatin,  which  is  readily  dissolved  by  boiling;  it  appears,  however,  that  the 
fibres  themselves  are  not  acted  on  by  this  process,  so  that  the  soluble  matter 
must  be  of  the  character  of  an  inorganic  deposit.     The  corresponding  tistoe 
of  the  foetus,  which  constitutes  a  large  proportion  of  its  whole  fabric,  ^oe» 
not  yield  gelatin  by  boiling;  so  that  this  deposit  must  take  place  at  a  later 
period.     The  serous  and  synovial  membranes  belong,  both  structurally  and 
chemically,   to  the  same  category  with  fibro-cellular  tissue.     The  liqoid 
which  is  ordinarily  contained  in  the  areolas  or  cellular  membrane,  appears 
to  be  little  else  than  the  serum  of  the  blood,  in  a  state  of  dilution;  it  is  chiefly 
water,  but  contains  a  sensible  quantity  of  common  salt  and  of  albumen,  and 
(when  concentrated)  a  trace  of  alkali  sufficient  to  affect  test  paper.    The 
liquid  secreted  from  the  serous  membrane  contains  as  much  as  7  or  8  per 
cent,  of  albumen  and  salts;  and  it  is  distinctly  alkaUne,  from  the  presenceof 
carbonate  or  albuminate  of  soda.     The  liquor  amnii  and  the  fluid  of  hydt- 

♦  Physiological  Anatomy,  Part  1st.,  p.  74. 
t  Log.  cit.  p.  75. 
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tids  are  of  the  same  composition.  The  fluid  contained  in  the  synovial  cap- 
sules, and  of  the  bursse  mucosae,  may  be  considered  as  serum  with  from  6 
to  10  per  cent,  of  additional  albumen;  it  shows  an  alkaline  reaction.  The 
fluid  of  dropsy  (at  least  in  some  forms  of  this  disease)  contains  in  addition 
urea,  and  cholesterin  suspended  in  fine  plates;  also  (according  to  Dr.  Kane) 
stearine  and  elaine.* 

639.  The  yellow  tissue  of  which  the  middle  coat  of  the  arteries,  the 
chords  vocales,  the  ligamentum  nuchse,  and  many  other  elastic  parts  are 
composed,  diflers  from  fibro-cellular  tissue  rather  in  its  chemical  composi- 
tion, and  in  the  size  of  its  fibres,  than  in  its  essential  structure  or  origin. 
When  fully  formed,  the  fibres  are  prismatic,  frequently  four-sided,  and 
have  a  diameter  of  from  l-6000th  to  l-4500th  of  an  inch;  they  generally 
form  a  tolerably  regular  network;  and  they  are  possessed,  individually  as 
well  as  collectively,  of  a  high  degree  of  elasticity.  A  piece  of  true  elastic 
tissue  may  be  drawn  out  to  nearly  twice  its  original  length,  and  will  yet 
contract  again  to  its  first  dimensions.  The  permanence  of  this  substance, 
and  of  its  peculiar  property,  are  very  remarkable.  It  undergoes  little 
change  when  boiled;  and  it  may  be  kept  almost  unaltered  for  years.  From 
the  absence  of  tendency  to  spontaneous  decay,  we  might  infer  that  it  under- 
goes but  little  change  in  the  living  body;  and  this  appears  to  be  the  case,  for 
it  is  very  sparingly  supplied  with  blood-vessels.  The  chemical  nature  of 
this  snbstance  is  unknown;  for  it  resists  the  ordinary  agents  by  which  the 
character  of  most  animal  tissues  is  determined;  and  it  is  but  little  acted  on 
by  the  gastric  fluid.  It  yields  a  small  quantity  of  gelatinous  matter  by  long 
boiling;  and  this  is  allied  in  some  of  its  properties  to  chondrin.  The  fibres 
of  Tendons  are  arranged  in  a  diflerent  manner  from  those  of  elastic  tissue, 
being  grouped  into  straight  fasciculi,  which  usually  lie  parallel  with  each 
other.  In  tendinous  sheaths  or  aponeuroses,  however,  the  bundles  are 
crossed,  in  a  more  intricate  arrangement.  The  origin  of  these  fibres,  which 
are  very  strong,  but  are  almost  destitute  of  elasticity,  is  similar  to  that  of 
fibro-cellular  tissue;  and  their  chemical  constitution  appears  to  be  nearly  the 
same,  for  they  principally  consist  of  gelatin,  which  requires,  however,  a 
longer  time  for  its  solution.  As  in  the  case  of  that  tissue,  the  tendons  of 
the  foetus  yield  little  gelatin.  Thus,  Tendon  may  be  regarded  as  Fibro- 
cellular  tissue  in  a  state  of  extreme  condensation.  Between  one  form  and 
the  other,  every  variety  may  be  observed,  especially  in  the  aponeurotic 
expansions,  which  frequently  pass  at  one  spot  into  tendon,  and  at  another 
into  ordinary  cellular  membrane.  Even  in  the  foetus,  the  fibres  of  tendon 
are  less  separated  by  any  intervening  or  connecting  matter,  than  are  those 
of  cellular  substance;  and  they  come,  therefore,  more  immediately  aiffi  more 
closely  into  contact.  Tendons  do  not  possess  a  high  degree  of  vascularity; 
and  it  is  doubtful  if  the  true  tendinous  fibre  is  ever  regenerated.  Wounds  of 
tendons  are  repaired  by  a  substance  which  is  deficient  in  the  shining  aspect 
of  the  original  tissue;  and  which  has  more  the  characters  of  ordinary  con- 
densed fibro-cellular  substance.  In  the  Fibrous  Membranes  and  Ligaments, 
we  have  a  gradual  transition  from  the  form  of  tissue  just  described,  to  fibro- 
cartilage.  Some  of  the  fibrous  investments  are  composed  of  an  intermixture 
of  elastic  and  tendinous  fibres,  and  have  more  or  less  of  the  peculiar  lustre 

•  Dr.  Barry's  view  of  the  constitntion  of  the  simple  fibres  of  fibro-cellular  and 
other  tissues, — thai  they  are  formed  by  the  linear  arrangement  oidiscs^  which  origi- 
nate in  the  nuclei  of  the  parent-cells, — derives  confirmation  from  the  analogous  ob- 
servations lately  published  by  Henle  in  bis  work  on  General  and  Minute  Anatomy. 
This  structure  has  been  most  distinctly  seen  by  the  laUer,  in  the  fibrous  coat  of  the 
arteries. 
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of  the  latter;  and  in  many  instances,  a  considerable  amount  of  ordinary 
fibro-cellular  tissue  intervenes  between  the  bundles  of  white  fibres  which 
are  characteristic  of  these  membranes.     The  fibrous  membranes  and  liga- 
ments are  thus  endowed  with  some  degree  of  elaisticity; — a  degree  much 
greater  than  that  which  is  possessed  by  the  tendons.   They  are  less  readily 
acted  on  by  boiling  water  than  are  tendons;  but  the  substance   they  yield 
has  the  characters  of  gelatin.    The  peculiar  contractile  fibre  which  has  been 
mentioned  as  composing  the  dartos  (§  400),  and  as  interwoven  with  the 
plexus  of  vessels  in  erectile  organs  (§519),  differs  from  the  round  fibres 
hitherto  described,  in  being  of  somewhat  greater  diameter,  and  in  having  t 
redder  colour;  in  these  two  points  it  approaches  muscular  fibre,  to  which  it 
it  also  analogous  in  its  properties.     Fibres  x)f  this  character  are  diflused 
through  the  skin;  and  they  are  evidently  acted  on  not  simply  by  cold,  bat 
by  mental  emotions,  the  infiuence  of  which  can  hardly  be  communicated  to 
them  otherwise  than  through  the  nervous  system. 

640.  The  Skin  is  a  very  complex  texture.     Its  outer  layer,  or  epidermii, 
has  been  already  described  (§  620).     The  true  skin  or  Corium  consists  of 
a  very  intricate  plexus  of  blood-vessels,  lymphatics,  and  sensory  nertes, 
bound  up  together  by  elastic  and  cellulo-fibrous  tissue;  it  also  contains  in 
its  substance  the  sebaceous  follicles  (§  703),  and  transmits  the  ducts  of  the 
sweat-glands,  which  lie  beneath  it  (§  701).     It  is  very  readily  regenerated, 
as  might  be  expected  from  its  conformation.     When  long  boiled,  it  yiefab 
a  considerable  quantity  of  gelatin;  but  this  is  not  so  speedily  dissolved  ai 
that  of  ordinary  cellular  and  serous  membranes.    The  Mucous  AftmbroMi 
seem  to  be  composed  of  the  same  structural  elements  as  the  skin  with  whidi 
they  are  continuous;  they  are  modified,  however,  in  accordance  with  the 
difference  of  their  functions.     The  surface  of  the  Mucous  membranes  ii 
covered  with  a  soft  and  moist  epithelium,  instead  of  with  a  dry  homy  e^ 
dermis;  and  their  follicles  secrete  mucus  instead  of  fatty  matter.     Macon 
membranes  are  the  chief  instruments  of  the  organic  functions.     They  kim 
the  medium  through  which  nutritious  matter  is  introduced  into  the  system; 
and,  by  their  glandular  prolongations,  essentially  constitute  the  appantoi 
of  excretion.     The  sympathies  between  the  cutaneous  and   muco-meiB- 
branous  systems  are  of  great  pathological  importance,  and  will  be  toached 
upon  hereafter  (Chap.  xiii.).  The  mucous  membranes,  like  skin,  are  readily 
regenerated.     It  is  remarkable  that  their  chemical  constitution  should  be 
widely  different;  the  former  yield  no  gelatin  by  boiling,  but  seem  to  contain 
a  large  proportion  of  albumen.     The  viscid  substance  which  covers  the 
surface  of  mucous  membranes  consists  of  water  mixed  up  with  a  substanee 
knowif  by  the  name  of  Mucus,  which  constitutes  about  5  per  cent,  of  the 
whole.     This  substance  is  insoluble  in  water,  but  imbibes  it  and  swells  up, 
80  as  to  form  a  ropy  liquid  as  if  it  were  dissolved.   Its  ultimate  compositioa 
has  not  been  examined;  but  it  appears  to  bear  a  very  close  relation  to  Tege- 
table  mucus  or  tragacanthine,  except  that  it  contains  nitrogen,  which  is  not 
present  in  the  latter.     The  secretion  from  the  surface  of  mucous  meo* 
branes  also  contains  detached  epithelium  cells,  together  with  granoltteil 
globular  particles,  which  are  regarded  as  characteristic  of  it.     That  mncvi 
is  secreted  from  the  surface  of  the  membrane,  and  not  from  its  crypts  merelji 
is  shown  by  the  fact  that  it  is  formed  on  several  membranes  in  which  those 
crypts  do  not  exist, — such  as  those  lining  the  frontal  and  other  sinuses  of 
the  cranium. 

641.  The  structure  of  the  Muscular  tissue  has  been  already  described  in 
detail  (Chap,  v.);  and  it  only  remains  here  to  add,  in  regard  to  its  origin 
and  development,  that  there  seems  reason  to  believe  that  the  primitite  com* 
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ponent  segments,  which  are  the  ultimate  elements  of  the  fibrills  (§  370), 
take  their  origin  in  t)ie  nuclei  of  the  cells,  which  by  their  union  produce 
the  sarcolemma  or  investing  tube.  The  solid  matter  of  muscle  consists  of 
little  else  than  fibrin,  as  will  be  seen  from  the  following  analysis  by  Ber- 
zelius.  It  should  be  added,  however,  that  it  is  impossible  to  separate  com- 
pletely the  vessels,  nerves,  cellular  tissue  and  blood,  from  the  muscular  fibre 
itself;  and  that  the  analysis  cannot,  therefore,  be  regarded  as  perfectly  accu- 
rate in  regard  to  the  composition  of  the  essential  constituent. 

Fibrin 15-80 

Cellular  substance     - TOO 

Albumen  and  haematosine   ....  2*20 

Alcoholic  extract  and  lactates  .     .     .  1*80 

Osmazome(?)  and  watery  extractive  .  1*05 

Phosphate  of  lime  witli  albumen  ,     .  '08 

Water  and  loss 77*17 


100*00 


Thus  something  less  than  23  per  cent,  of  solid  matter  exists  in  ordinary 
meat;  and  in  100  parts  of  this  solid  matter  there  are  about  7^  parts  of  fixed 
salts.  Notwithstanding  the  high  vascularity  of  muscular  substance,  it  is 
very  doubtful  whether  it  is  ever  regenerated.  Wounds  of  muscles  are 
united  by  fibro-cellular  tissue,  which  gradually  becomes  condensed;  but  the 
fibres  do  not  possess  any  degree  of  contractility. 

642.  The  Nervous  structure  has  also  been  sufficiently  dwelt  on  in  the 
former  part  of  the  volume  (Chap.  iii).  It  may  here  be  added,  however, 
that,  according  to  the  most  recent  observations,  the  substance  contained  in 
the  nerve-tubes  seems  to  be  fiuid  during  life;  and  that  its  granular  appear- 
ance when  examined  after  death  is  due  to  a  kind  of  coasrulation.  Some 
appearances  have  been  SQen  by  Valentin,  which  are  considered  by  him  as 
indicating  the  existence  of  a  ciliary  action  within  the  nerve-tubes;  in  which 
ease  a  regular  circulation  of  nervous  fluid  must  be  supposed  to  take  place:* 
the  observation,  however,  requires  to  be  confirmed  before  it  can  rank  as  an 
ascertained  fact.  The  chemical  composition  of  the  brain  has  occupied 
much  attention;  and  tlie  following  is  an  outline  of  the  most  recent  account 
of  it,  tliat  of  M.  Fremy-.t  In  100  parts  of  cerebral  matter,  there  exists  80 
of  water,  7  parts  of  albumen  (or  rather  fibrin,  §  612),  and  5  parts  of  fatty 
matter.^  This  statement  agrees  with  that  of  many  previous  analysts;  and 
it  is  chiefiy  with  the  fatty  matter  that  the  attention  of  chemists  has  been 
occupied.  This  is  stated  by  M.  Fremy  to  contain,  besides  the  ordinary 
fatty  substances,  two  peculiar  acids,  termed  the  cerebric  and  oleophos- 
phoric.  Cerebric  acid,  when  purified,  is  white,  and  presents  itself  in 
crystalline  grains.  It  contains  a  small  proportion  of  phosphorus,  and 
differs  from  the  ordinary  fatty  matter  in  being  partly  composed  of  nitrogen. 
It  is  composed  of  66*7  per  cent,  of  carbon,  10*6  of  hydrogen,  2*3  of 
nitrogen,  19*5  of  oxygen,  and  0*9  of  phosphorus;  and  thus,  comparing  it 
with  the  ordinary  fatty  acids,  contains  more  than  twice  their  proportion  of 
oxygen.     Oleophosphoric  acid  is  separated  from  the  former  by  its  solu- 

•  See  Gerber's  Anatomy,  p.  257. 

t  Graham's  Chemistry,  p.  1057.  It  is  there  stated  that  the  analytic  method  of  Mr. 
Conerl>e  was  very  defective. 

t  According  to  Lassaigne,  the  chemical  composition  of  the  cortical  and  medullary 
substance  is  essentially  different-,  the  former  containing  much  more  water  than  the 
latter,  and  little  colourless  fat,  but  nearly  4  per  cent,  of  red  fat,  which  does  not  exist 
in  the  other. 
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bility  in  ether;  it  is  of  a  viscid  consistence,  but,  when  boiled  for  a  long 
time  in  water  or  alcohol,  it  gradually  loses  its  viscidity,  and  resolves  itself 
into  a  fluid  oil,  which  is  pure  oleine,  while  phosphoric  acid  remains  in  the 
liquor.  The  proportion  of  phosphorus  which  this  acid  contains  is  about  2 
per  cent.  Cholesterine  (§  663)  has  also  been  extracted  from  the  brain  by 
M.  Fremy  in  considerable  quantity.  On  the  whole,  the  proportion  of 
phosphorus  in  the  brain  appears  to  be  about  1  per  cent.:  a  small  quantity 
of  sulphur  is  also  present.  The  proportion  of  fixed  salts  is  small,  being 
not  above  3 3  parts  in  100  of  dry  cerebral  matter;  which  is  less  than  half 
the  proportion  that  exists  in  muscle.  The  large  proportion  of  fatty  matter 
contained  in  the  nervous  substance,  and  the  increased  demand  for  the 
nutrient  fluid,  which  evidently  takes  place  when  the  brain  is  active,  is  oot 
improbably  one  cause  why  persons  of  energetic  restless  minds  are  usually 
thin,  and  why  mental  tranquillity  and  repose  are  conducive  to  the  deposition 
of  fat. 

643.  From  the  large  amount  of  blood  with  which  the  Nervous  System 
is  supplied,  and  from  the  tendency  of  its  substance  to  undergo  rapid  decom- 
position, it  may  be  inferred  that  the  nutritive  operations  are  performed  in 
this  tissue  with  great  activity;  and  this  appears  to  be  especially  the  case  it 
the  central  and  peripheral  terminations,  where  the  blood-vessels  are  most 
intimately  connected  with  it.     The  regeneration  of  nervous  tissue  is  pe^ 
formed  more  completely  than  that  of  any  other  that  is  so  highly  organixed. 
The  degree  to  which  it  takes  place  has  been  a  question  among  physiolo- 
gists; but  many  facts  well  known  to  surgeons  prove  that  it  roust  be  com- 
plete.    For  it  will  scarcely  be  denied,  that  the  complete  recovery  of  the 
functions  of  a  nervous  trunk  or  fibre,  indicates  that  the  continuiQr  of  iti 
component  tubes  has  been  restored;  since  all  that  we  know  of  the  trant* 
mission  of  nervous  influence  leads  to  the  belief,  that  such  complete  con- 
tinuity is  requisite.     Now,  in  the  various  operations  which  are  practised 
for  the  restoration  of  lost  parts,  a  portion  of  tissue  removed  from  one  spot, 
is  grafted,  as  it  were,  upon  another;  its  original  attachments  are  more  or 
less  completely  severed, — frequently  entirely  destroyed,  and  new  ones  we 
formed.     Now  in  such  a  part,  as  long  as  its  original  connections  exist,  and 
new  ones  are  not  completely  formed,  the  sensation  is  referred  to  the  spot 
from  which  it  was  taken;  but  after  an  interval,  during  which  it  frequently 
loses  all  sensibility,  its  power  of  feeling  is  restored,  and  the  sensations 
received  through  it  are  referred  to  the  right  spot.     A  more  familiar  case  is 
the  regeneration  of  skin,  containing  sensory  nerves,  which  takes  place  in 
the  well-managed  healing  of  wounds  involving  loss  of  substance  (§  602). 
A  more  striking  example  of  regeneration  of  nervous  tissue,  however,  is  to 
be  found  in  those  cases  (of  which  there  are  now  several  on  record)  in  which 
portions  of  the  extremities  that  have  been  completely  severed  by  accident, 
have  been  made  to  adhere  to  the  stump,  and  have,  in  time,  completely 
recovered  their  natural  connection  with  the  circulating,  nervous,  and  other 
systems.     The  rapid  production  of  nervous  substance  in  particular  cases, 
is  evidenced  by  Dr.  R.  Lee's*  recent  investigations  on  the  nerves  of  the 
pregnant  uterus.     Not  only  nerves,  but  ganglia  of  considerable  size,  that 
seem  to  have  no  existence  under  other  circumstances,  are  then  apparent 

644.  From  the  foregoing  details  the  obvious  inference  results, — thatcach 
part  of  the  organism  has  an  individual  life  of  its  own,  whilst  contributing  to 
uphold  the  general  life  of  the  entire  being.  This  Life,  or  state  of  vital 
action,  depends  upon  the  due  performance  of  the  functions  of  all  the  suho^ 

*  Proceedings  of  the  Rojral  Society,  Jane  17, 1841;  and  Phil.  Trans.  1841,  Pann. 
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dinate  parts,  which  are  closely  connected  together.  The  lowest  classes  of 
organized  beings  are  made  up  of  repetitions  of  the  same  elements;  and  each 
part,  therefore,  can  perform  its  functions  in  great  degree  independently  of 
the  rest.  But,  in  ascending  the  scale,  we  find  that  the  individual  lives  of 
the  cells  become  gradually  merged  (so  to  speak)  in  the  general  life  of  the 
structure;  for  they  gradually  become  more  and  more  different  in  function, 
and  therefore  more  and.  more  dependent  on  each  other  for  their  means  of 
support;  so  that  the  activity  of  all  is  necessary  for  the  maintenance  of  any 
one.  Hence  the  interruption  of  the  function  of  any  important  organ  is  fol- 
lowed by  the  death  of  the  whole  structure;  because  it  interferes  with  the 
elaboration,  circulation,  or  purification,  of  that  nutrious  fluid,  which  supplies 
the  pabulum  for  the  growth  and  reproduction  of  the  individual  cells.  But 
their  lives  may  be  prolonged  for  a  greater  or  less  duration,  after  the  suspen- 
sion of  the  regular  series  of  their  combined  actions;  hence  it  is  that  mole' 
cular  death  is  not  always  an  immediate  consequence  of  somatic  death.* 
But  if  the  function  of  the  part  have  no  immediate  relation  to  the  indispen- 
sable actions  just  adverted  to,  it  may  cease  without  affecting  them;  so  that 
molecular  death  may  take  place  to  a  considerable  extent,  without  somatic 
death  necessarily  resulting. 

645.  The  doctrine  of  development  from  cells  has  another  important  bear- 
ing on  the  philosophy  of  physiology.  It  gives  us  a  clearer  idea  of  the 
nature  of  the  continual  processes  of  decay  and  renewal,  which  takes  place 
in  the  animal  body.  Every  cell  has  to  a  certain  degree  an  individual  life  of 
its  own.  This  individuality  is  much  more  decided  in  the  lower  forms  of 
organized  being,  where  each  cell  can  maintain  an  independent  existence, 
than  it  is  in  the  higher,  in  whose  fabric  a  large  number  having  different 
functions  are  united  into  one  structure,  the  combined  activity  of  the  whole 
of  which  is  necessary  to  the  life  of  any  one.  But,  even  in  the  highest,  it 
is  evident  that  each  cell  will  possess  a  certain  duration  of  its  own;  and  that, 
from  its  first  period  of  development,  all  the  changes  which  it  undergoes 
are  governed  by  laws  peculiar  to  it.  In  the  various  parts  of  the  Vegetable, 
as  in  those  of  the  Animal,  we  find  a  great  difference  in  the  duration  of  the 
existence  of  the  cells  composing  them.  These  differences  may  be  reduced 
to  five  heads. 

I.  Cells  may  be  generated,  which  have  a  very  transient  existence,  and 
which  disappear  again,  without  reproducing  themselves,  or  undergoing  any 
transformation.  This  may  be  seen  in  the  Vegetable  Ovule  and  in  the  Ger- 
minal Vesicle  of  the  Animal  Ovum,  as  well  as  in  many  other  parts.  In  such 
instances  it  is  obvious  that,  from  their  first  origin,  the  cells  are  subject  to  a 
law  of  limited  duration,  and  that  their  death  and  decay  is  as  much  the 
result  of  their  inherent  constitution,  as  is  that  of  each  entire  Animal  or 
Vegetable  organism. 

II.  The  contrary  extreme  to  this  may  be  found  in  those  cells,  of  which 
the  function,  instead  of  being  transient,  is  to  be  indefinitely  prolonged; 
such  are  those  of  which  the  organs  of  mechanical  support  are  usually  formed. 
Here  the  cell,  instead  of  changing  its  form,  or  of  giving  origin  to  new  cells 
within  itself,  becomes  the  subject  of  an  internal  deposit  of  hard  matter, 
which  lines  its  walls,  and  cuts  it  off,  more  or  less  completely,  from  the 
general  course  of  Vital  Action.  When  this  is  the  case,  and  the  hard  matter 
is  not  itself  liable  to  decomposition,  the  duration  of  the  cell-walls,  which  are 
protected  by  their  peculiar  aggregation  from  exposure  to  decomposing  agents, 
may  undergo  little  or  no  change  for  an  almost  indefinite  period.     Thus  the 

*  Cyclop,  of  Anat.  and  Phys.  Vol.  i.  Art,  Death. 
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ncy  and  uniformity  in  the  living  body;  whilst,  on  the  other  hand,  it 
he  continual  reproduction  of  new  cells  in  the  place  of  those  which 
lisappeared,  that  the  normal  organization  is  maintained.     The  limited 
m  of  the  life  of  the  cells  composing  the  various  tissues  is  further  made 
It,  by  the  rapid  disappearance  of  the  normal  organization,  and  by  the 
r  the  functional  power,  of  those  tissues,  when  the  deficiency  of  the 
ed  stimuli  prevents  the  development  of  the  new  cells,  by  which  alone 
;haracter  can  be  maintained.     Of  the  change  of  structure  and  loss  of 
',  which  results  from  disuse  and  consequent  want  of  nutrition  in  mus- 
and  nervous  tissues,  instances  have  already  been  given  ($$  221  and 
It  only  remains  here  to  add  that  there  is  no  reason  whatever  to  be- 
that  the  ordinary  processes  of  decomposition  and  interstitial  absorption 
ore  rapid  than  usual  under  such  circumstances;  so  that  the  length  of 
equired  for  the  disappearance  of  the  characteristic  structure,  and  the 
luent  loss  of  functional  power,  afibrds  us  some  idea  of  the  ordinary 
on  of  the  life  of  the  component  cells.     It  may  be  stated,  then,  as  a 
al  proposition,  that  the  interstitial  change  which  the  whole  structure 
)  body  is,  in  its  normal  or  physiological  condition,  continually  under- 
r  is  due  to  the  regularly-occurring  death  and  reproduction  of  its  com- 
it  cells,  of  which  every  one  has  its  own  limit  of  duration. 
There  is  yet  another  phase  under  which  Cellular  life  presents  itself 
atural  condition  in  the  lower  organisms,  and  in  the  early  condition  of 
gher;  but  which  constitutes  a  morbid  state  in  the  adult  condition  of 
tier.   This  is  when  cells  reproduce  themselves  with  extreme  rapidity, 
iher  the  primary  nor  secondary  cells  undergoing  any  further  transforma- 
-and  the  duration  of  each  individual  being  limited  by  the  develop- 
of  its  progeny  within  it,  causing  its  own  distention  and  final  rupture 
appearance.    The  growth  of  the  lower  Fungi  offers  a  striking  example 
8  in  the  Vegetable  kingdom;  and  the  early  processes  of  development 
ovum  of  the  highest  Animals  exhibit  the  same  character.    Every  cell, 
s  generated,  proceeds  at  once  to  the  work  of  multiplication,  for  which 
ns  specially  destined;  and  thus  it  is  subject  from  the  first  to  the  law 
production.   It  is  this  which  distinguishes  the  fungoid  diseases;  which 
I  the  character  designated  by  the  Surgeon  as  malignancy^  simply  from 
endency  to  propagation,  and  his  want  of  power  to  control  it.   It  seems 
ble  that  many  other  changes  of  structure  are  due  to  a  corresponding 
The  study  of  the  eniptive  diseases,  more  especially,  seems  likely 
;eil  many  additional  examples  of  its  operation. 

\.  The  duration  of  the  existence  of  the  individual  cells  in  correspond- 
arts,  is  subject  to  some  degree  of  variation,  in  accordance  with  the 
I  of  life  of  the  entire  organism,  and  with  some  other  circumstances. 
all   the  tissues,  even  those  most  consolidated,  are  undergoing  con- 
changes  in  the  young  animal,  in  which  the  processes  of  decay  and 
al  go  on  much  faster  than  in  the  adult,  and  in  the  adult  than   in  the 
Derson.     Even  the  cells  of  the  bony  structure,  which  in  the  adu\i  are 
t  permanent,  and  in  the  aged  person  are  subject  to  extremely  UtiW 
e,  are  liable  in  the  infant  to  an  early  decomposition;  their  t%\ 
filled  up  by  others,  of  which  the  form  adapts  itseir  to  the  ero^  K*' 
ructure.     This  may  be  partly  accounted  for  hj  the  imperfect  ** 

ich,  so  long  as  the  entire  organism  is  andergoiiif  rapid  inc 
1  structure  is  developed  in  any  one  portioa  of  it;  for  the 
idation  being  less,  the  tendency  to  decay  will  naturally 
is  explanation  is  not  in  itoelf  safficient;  and  we  mast  be 
Dsent  to  regard  it  as  a  general  law  (whieh  ouy  ahimaielv 
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heartrwood  of  Plants,  the  Bones  of  Animals,  and  still  more  their  Hair, 
Hoofs,  Horns,  &c.  may  remain  unaltered  through  a  long  series  of  years. 
Of  some  of  these  parts  it  can  scarcely  be  said  that  they  are  less  alive,  when 
removed  from  the  organism  to  which  they  belonged,  than  when  included  in 
it.  In  the  heart-wood  of  a  Plant,  for  example,  no  vital  change  takes  place, 
from  the  time  that  the  woody  tubes  and  cells  are  once  consolidated  by  inter- 
nal deposition;  it  may  decay,  whilst  still  forming  part  of  the  tree,  without 
interfering  with  its  nutritive  operations;  and  if  we  could  possibly  remove  it 
entirely,  without  doing  injury  by  the  operation  to  the  rest  of  the  stmctarSy 
its  absence  would  be  productive  of  no  other  evil  consequences,  than  those 
which  would  necessarily  result  from  the  withdrawal  of  the  mechanical  sap- 
port  afforded  by  it.  The  same  may  be  said  of  the  epidermic  appendages  of 
Animals,  and  of  the  internal .  skeletons  of  the  Polypifera,  which  remain 
equally  unchanged  from  the  time  of  their  first  formation.  Now  as  long  is 
these  structures  hold  together,  it  is  evident  that  the  organized  part  of  them 
must  have  undergone  little  change  from  the  condition  in  which  it  existed  is 
the  living  fabric;  and  that  their  death  takes  place,  in  reality,  only  when  the 
structures  decay, — this  decay  being,  in  fact,  the  consequence  of  it.  Ths 
law  of  existence  of  such  cells,  therefore,  is  that  of  indejinitelj/'prolangtd 
duration;  this  law  must  have  been  impressed  upon  them  from  their  origin; 
and  the  power  by  which  their  walls  secrete  and  deposit  the  consolidatiof 
materials,  appears  to  be  the  chief  means  of  keeping  it  in  operation. 

in.  In  all  the  higher  forms  of  Animal  structure,  the  cells  originally 
composing  it  are  only  the  means  of  generating  tissue's  of  other  kindi, 
in  which  the  Cellular  character  is  less  obvious.  Thus  the  Fibrous,  Mot* 
cular,  and  Nervous  tissues  have  their  origin  in  cells,  which  at  first  appear 
in  no  respect  different  from  others,  but  which  subsequently  undergo  a  pecu- 
liar metamorphosis,  and  themselves  no  longer  exist  as  such.  Upon  all 
these  primordial  cells,  therefore,  a  law  of  transformation  is  impressed,  from 
the  time  of  their  first  production.  In  their  original  aspect,  they  cannot  be 
distinguished  from  the  cells  which  arc  not  destined  to  undergo  any  such 
metamorphosis;  but,  just  as  the  first  cell  of  the  embryo,  from  which  Man  is 
produced,  must  have  some  real  though  not  apparent  difference  from  that  in 
which  the  Polype  originates,  so  must  the  cell  which  is  afterwards  developed 
into  muscular  fibre,  be  inherently  different  from  that  which  is  subsequently 
converted  into  nervous  tissue. 

IV.  If,  as  has  been  stated  to  be  probable,  most  or  all  of  these  transformed 
tissues  are  themselves  composed  of  secondary  cells,  prolonged  into  fibrillci 
by  the  interweaving  of  which  the  various  tissues  are  generated,  they  all 
come  under  the  same  category;  and  the  general  laws  of  cellular  existeoee 
are  as  applicable  to  them  as  to  the  more  evidently-vesicular  tissues.    Not 
being  altogether  consolidated  by  internal  deposit,  but  being  more  or  leu 
actively  engaged  in  the  performance  of  vital  operations,  these  cells  are  inle^ 
mediate  in  their  character  between  those  classed  under  the  first  and  second 
heads.     Their  duration  is  probably  very  limited  in  some  cases,  and  mach 
prolonged  in  others.    In  all  instances,  however,  they  have  a  definite  period 
of  existence.    They  are  generated,  they  grow  from  the  alimentary  materitli 
with  which  they  are  supplied,  they  arrive  at  maturity,  they  decline,  thsf 
die,  and  they  decay,  just  as  do  the  isolated  vesicles  constituting  the  ham- 
blest  forms  of  vegetation.     For  all  of  them  there  is  an  appointed  dnratioa 
of  life,  just  as  there  is  for  the  entire  Man.     Now  on  this  view  we  can  ex* 
plain  many  physiological  phenomena,  which  cannot  otherwise  be  very 
satisfactorily  accounted  for.     It  is  owing  to  the  continual  death  and  decay 
of  its  component  cells,  that  the  process  of  decomposition  goes  on  with  soeh 
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constancy  and  uniformity  in  the  living  body;  whilst,  on  the  other  hand,  it 
is  by  the  continual  reproduction  of  new  cells  in  the  place  of  those  which 
have  disappeared,  that  the  normal  organization  is  maintained.  The  limited 
duration  of  the  life  of  the  cells  composing  the  various  tissues  is  further  made 
evident,  by  the  rapid  disappearance  of  the  normal  organization,  and  by  the 
loss  of  the  functional  power,  of  those  tissues,  when  the  deficiency  of  the 
required  stimuli  prevents  the  development  of  the  new  cells,  by  which  alone 
their  character  can  be  maintained.  Of  tlie  change  of  structure  and  loss  of 
power,  which  results  from  disuse  and  consequent  want  of  nutrition  in  mus- 
cular and  nervous  tissues,  instances  have  already  been  given  ($$  221  and 
382).  It  only  remains  here  to  add  that  there  is  no  reason  whatever  to  be- 
lieve, that  the  ordinary  processes  of  decomposition  and  interstitial  absorption 
are  more  rapid  than  usual  under  such  circumstances;  so  that  the  length  of 
time  required  for  the  disappearance  of  the  characteristic  structure,  and  the 
consequent  loss  of  functional  power,  affords  us  some  idea  of  the  ordinary 
duration  of  the  life  of  the  component  cells.  It  may  be  stated,  then,  as  a 
general  proposition,  that  the  interstitial  change  which  the  whole  structure 
of  the  body  is,  in  its  normal  or  physiological  condition,  continually  under- 
going, is  due  to  the  regularly-occurring  death  and  reproduction  of  its  com- 
ponent cells,  of  which  every  one  has  its  own  limit  of  duration. 

v.  There  is  yet  another  phase  under  which  Cellular  life  presents  itself 
as  a  natural  condition  in  the  lower  organisms,  and  in  the  early  condition  of 
the  higher;  but  which  constitutes  a  morbid  state  in  the  adult  condition  of 
the  latter.  This  is  when  cells  reproduce  themselves  with  extreme  rapidity, 
—neither  the  primary  nor  secondary  cells  undergoing  any  further  transforma- 
tion,— and  the  duration  of  each  individual  being  limited  by  the  develop- 
ment of  its  progeny  within  it,  causing  its  own  distention  and  final  rupture 
or  disappearance.  The  growth  of  the  lower  Fungi  offers  a  striking  example 
of  this  in  the  Vegetable  kingdom;  and  the  early  processes  of  development 
in  the  ovum  of  the  highest  Animals  exhibit  the  same  character.  Every  cell, 
as  it  is  generated,  proceeds  at  once  to  the  work  of  multiplication,  for  which 
it  seems  specially  destined;  and  thus  it  is  subject  from  the  first  to  the  law 
o(  Reproduction,  It  is  this  which  distinguishes  the  fungoid  diseases;  which 
derive  the  character  designated  by  the  Surgeon  as  malignancy ,  simply  from 
their  tendency  to  propagation,  and  his  want  of  power  to  control  it.  It  seems 
probable  that  many  other  changes  of  structure  are  due  to  a  corresponding 
cause.  The  study  of  the  eniptive  diseases,  more  especially,  seems  likely 
to  unveil  many  additional  examples  of  its  operation. 

646.  The  duration  of  the  existence  of  the  individual  cells  in  correspond- 
ing parts,  is  subject  to  some  degree  of  variation,  in  accordance  with  the 
period  of  life  of  the  entire  organism,  and  with  some  other  circumstances. 
Thus  all  the  tissues,  even  those  most  consolidated,  are  undergoing  con- 
tinual changes  in  the  young  animal,  in  which  the  processes  of  decay  and 
renewal  go  on  much  faster  than  in  the  adult,  and  in  the  adult  than  in  the 
aged  peraon.  Even  the  cells  of  the  bony  structure,  which  in  the  adult  are 
almost  permanent,  and  in  the  aged  person  are  subject  to  extremely  little 
change,  are  liable  in  the  infant  to  an  early  decomposition;  their  places 
being  filled  up  by  others,  of  which  the  form  adapts  itself  to  the  growth  of 
the  structure.  This  may  be  partly  accounted  for  by  the  imperfect  degree 
in  which,  so  long  as  the  entire  organism  is  undergoing  rapid  increase,  the 
normal  structure  is  developed  in  any  one  portion  of  it;  for  the  degree  of 
consolidation  being  less,  the  tendency  to  decay  will  naturally  be  greater. 
Bat  this  explanation  is  not  in  itself  sufficient;  and  we  must  be  content  for 
the  present  to  regard  it  as  a  general  law  (which  may  ultimately  prove  to  be 
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but  a  result  of  some  more  general  principle)  that  the  duration  of  the  exis^ 
ence  of  individual  cells  increases,  cseteris  paribus,  with  the  advance  of  life. 
At  the  same  time,  their  functional  activity  diminishes.     They  may  be  said 
to  live  more  slowly.     The  dull  perceptions  and  slow  and  feeble  move- 
ments of  the  aged  man,  form  a  striking  contrast  with  the  acute  sensibility 
and  the  rapid  and  vigorous  muscular  actions  of  the  child;  and  the  same 
change  may  be  noticed  in  the  organic  functions.     Hence  it  may  be  stated 
as  a  general  law,  that  the  vital  activity  of  the  cells  (and  of  the  parts  pro- 
duced by  their  transformation)  diminishes  in  proportion  to  the  prolongation 
of  their  life;  and  this  law  exactly  corresponds  with  what  may  be  observed, 
in  comparing  the  tissues  of  different  kinds,  which  are  present  in  the  same 
body.     For  we  uniformly  find,  that  those  in  which  the  most  active  viol 
changes  are  going  on  (such  as  the  nervous  and  muscular  tissues)  are  those 
in  which  the  duration  of  the  individual  component  portions  is  the  least;  ai 
is  shown  by  the  rapidity  of  the  changes  of  removal  and  reposition  which 
are  continually  taking  place  in  them.     The  converse  holds  good  also. 
Further  it  may  be  remarked,  and  this  is  a  matter  of  much  practical  imporip 
ance, — that  any  thing  which  increases  the  functional  activity  of  any  pa^ 
ticular  tissue,  thus  causing  its  cells  to  live  faster,  diminishes  the  dcirationof 
their  lives;  as  is  shown  in  the  increased  demand  for  nourishment,  which  ii 
set  up  as  a  consequence  of  the  continued   exercise  of  the  muscalar  or 
nervous  system,  and  which,  being  far  greater  than  can  be  required  fbrsach 
increase  of  their  amount  as  results  from  that  exercise,  necessarily  indicalBi 
that  a  corresponding  removal  of  effete  matter,  resulting  from  the  death  of 
the  cells,  has  taken  place. 


CHAPTER   XII. 

OF   SECRETION. 

Of  Secretion  in  General. 


647.  The  literal  meaning  of  the  term  Secretion  is  separation;  and  this 
is  nearly  its  true  acceptation  in   Physiology.     We   have  seen  that  the 
nutritive  materials  which  are  received  into  the  living  body,  are  combined 
in  a  certain  proportion  in  the  circulating  fluid,  and  that  they  are  carried  in 
its  current  to  every  part  of  the  structure.     A  portion  of  the  elements  of  tbs 
blood, — probably  the  fibrin  and  red-particles  exclusively,— are  being  eon- 
tinually  separated  from  it,  and  introduced  into  the  solid  textures,  of  whicb 
they  become  constituents,  forming,  as  it  were,  the  organized  framework,  in 
the  interstices  of  which  various  other  matters  (also  separated  from  tbs 
blood)  are  deposited  in  an  inorganic  condition.      This  separation,  the 
object  of  which  is  to  build  up  a  living  fabric,  has  been  already  considered 
under  the  head  of  Nutrition;  but  it  may  be  here  remarked,  that  the  deposi- 
tion of  calcareous  matter  in  the  bones,  and  of  chondrin,  gelatin,  and  albnoieB 
in  the  cartilages  and  other  tissues  (if  the  latter  are  really,  like  the  former, 
deposited  in  an  inorganic  condition,  §  612),  is  accomplished  by  a  process 
analogous  in  all  respects  to  that,  by  which  those  other  products  are  sept- 
rated  that  are  ordinarily  considered  as  Secretions.     The  same  may  be  svi 
of  the  serous  fluid  which  distends  the  areolae  of  fibro-cellular  tissue,  the  oily 
matter  contained  in  the  fat-cells,  the  albuminous  fluid  of  the  humouff  oi 
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the  eye,  and  other  analogous  constituents  of  the  living  fabric.    But  we  have 
chiefly  to  consider  under  the  present  head,  the  nature  and  origin  of  the 
products,  which  are  continually  being  cast  forth  from  the  living  body;  the 
amount  of  which  is  usually,  in  the  adult  animal,  equal  to  that  of  the  solids 
and  fluids  ingested,  after  allowance  has  been  made  for  the  portion  rejected, 
in  the  form  of  fseces,  as  indigestible.     The  experiments  of  Dr.  Dalton*  on 
his  own  person,  give  the  following  as  the  proportional  quantities  discharged 
tlirough  the  principal  channels  of  excretion.     The  mean  quantity  of  solid 
and  fluid  aliment  taken  into  the  system  daily  (during  14  days  in  spring) 
being  91  oz.,  or  about  5|  lbs.,  the  average  amount  of  faeces  (including  the 
solid  matter  of  the  bile)  was  5  oz.;  the  average  amount  of  urine  was  48i 
oz.  daily;  and  as  the  total  weight  of  the  body  remained  the  same,  the 
quantity  of  fluid  and  solid  matter  excreted  by  the  skin  and  the  lungs  must 
have  been  37s  oz.     At  other  periods  of  the  year,  a  variation  was  observed, 
especially  in  the  relative  amount  of  fluid  passing  ofl"  by  the  urine  and  by 
cutaneous  exhalation. — It  can  scarcely  be  questioned,  that  the  chief  source 
of  the  excretions  is  to  be  found  in  the  continued  decomposition  of  the 
various  tissues  of  the  body,  which  has  been  several  times  alluded  to  f$$  84 
and  645);  and  it  is  probable,  from  considerations  heretofore  adduceu,  that 
they  are  derived,  not  so  much  from  the  fluid  returned  into  the  blood  by  the 
lymphatics  (as  formerly  supposed)  as  from  the  blood  itself  (§  467).     Dur- 
ing its  circulation,  it  parts  with  one  portion  of  its  constituents  in  one  part 
of  the  body, — with  another  at  a  different  situation, — and  so  on.     It  has 
been  seen,  from  the  details  already  given,  that  the  abstraction  of  organ- 
izable  matter  does  not  occasion  any  chemical  change  in  the  constitution  of 
the  fluid,— the  fibrin  and  the  red  corpuscles  which  are  thus  removed  being 
continually  renewed  at  the  expense  of  the  albumen,  whilst  of  this  last  a 
new  supply  is  afforded   by  the  absorbent  system.     The  elaboration  of 
gelatin,  however,  which  is  deposited  so  largely  in  the  solid  tissues,  must 
occasion  a  considerable  alteration  in  the  blood;  since,  in  its  production  from 
albumen,  a  certain  residuum  must  be  left.     This  residuum  is  probably 
another  important  source  of  the  products  of  excretion.     In  several  other 
instances,  peculiarities  of  action  in  different  parts  will  deprive  the  blood 
that  passes  through  them  of  its  due  proportion  of  certain  of  its  constituents; 
these  are  partly  restored  by  its  admixture  in  the  heart  with  the  blood  that 
has  returned  from  other  parts;  but  still  a  general  alteration  in  the  character 
of  the  blood  is  the  result  of  its  circulation;  and  for  this  alteration  it  is  the 
province  of  the  Excretory  function  to  compensate.     A  striking  illustration 
may  be  found  in  the  change  of  the  colour  and  of  the  proportional  amount  of 
free  oxygen  and  carbonic  acid,  which  takes  place  in  the  systemic  capil- 
laries, and  which  is  reversed  in  the  passage  of  the  blood  through  the 
lungs  (§  520).     Particular  sources  for  the  respective  contents  of  other 
excretions  will  be  pointed  out,  when  they  are  considered  in  detail. 

648.  A  distinction  has  already  been  pointed  out  (§  95)  between  the  proper 
Excretions^  the  retention  of  which  in  the  blood  would  be  positively  injurious, 
and  those  Secretions  which  are  destined  for  particular  purposes  within  the 
system,  and  the  cessation  of  which  has  no  immediate  influence  on  any  but 
the  function  to  which  they  are  destined.  This  distinction  is  one  of  great  im- 
portance, especially  when  it  is  considered  with  reference  to  the  chemical 
elements  that  are  found  in  the  two  classes  of  fluids  respectively.  The  solid 
matter  dissolved  in  those  of  the  latter  class,  is  little  else  than  a  portion  of 
the  constituents  of  the  blood,  either  pure,  or  but  slightly  altered;  thus,  in  the 
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lachrymal  fluid,  the  saliva,  the  pancreatic  juice,  the  serous  fluid  of  cellular 
tissue  and  of  serous  and  synovial  membranes,  we  find  little  else  than  albu- 
men and  saline  matter,  derived  at  once  from  the  blood.  The  casein,  which 
is  the  most  characteristic  ingredient  of  milk  (§  686),  is  but  a  slightly-altend 
form  of  albumen;  and  some  curious  evidence  has  recently  been  obtamed,  that 
this  alteration  commences  in  the  blood  and  goes  on  during  pregnancy  as  a 
preparation  for  lactation.*  On  the  other  hand,  the  characteristic  ingredienH 
of  the  excretions  are  very  different  in  character  from  the  normal  elements  of 
the  blood.  They  are  ail  of  them  completely  organizable;  and  they  possess, 
for  the  most  part,  a  simple  atomic  constitution.  Some  of  them,  also,  have 
a  tendency  to  assume  a  crystalline  form;  which  is  considered  by  Dr.  Pout 
to  indicate  their  unfitness  to  enter  into  the  composition  of  orgranized  tissues. 
With  regard  to  some  of  the  chief  of  these,  there  is  sufficient  evidence  of 
their  existence,  in  small  quantity,  in  the  circulating  blood;  but  it  is  also  dear 
that  they  exist  there  as  products  of  decomposition,  and  that  they  are  destined  ts 
be  separated  from  it  as  speedily  as  possible.  If  their  separation  is  prevented, 
they  accumulate,  and  communicate  to  the  circulating  fluid  a  positively  dele- 
terious character.  Of  this,  we  have  already  seen  a  striking  example  in  the 
case  of  Asphyxia  ($  546);  and  the  two  other  principal  excretions,-— that  of  the 
Bile  and  Urine, — will  furnish  evidence  to  the  same  eflect.  As  a  general  £wl, 
then,  it  may  be  stated,  that  the  materials  of  the  Secretions  pre-exist  in  the 
blood,  in  a  state  nearly  resembling  that  in  which  they  are  thrown  oflT  by  the 
secreting  organs;  but  that  the  materials  of  the  secretions  which  are  only 
destined  to  perform  some  particular  function  in  the  economy,  are  derived 
from  the  substances  which  are  appropriated  to  its  general  purposes;  whilst 
those  of  the  excretions  are  the  result  of  the  changes  that  have  taken  plue 
in  the  system,  and  cannot  be  retained  in  it  without  injury. 

649.  Of  the  reason  why  certain  compounds  forming  part  of  the  cironli^ 
ting  blood,  are  separated  from  it  by  one  organ,  and  others  by  a  different  oie, 
nothing  whatever  is  known;  and  there  is  nothing  in  the  evident  structure  of 
these  organs  that  can  afford  any  clue  to  the  attainment  of  such  knowledge. 
When  their  ultimate  structure  is  considered,  it  is  found  to  be  neither  more  nor 
less  than  a  vascular  membrane;  made  up  into  various  forms  for  convenience 
of  packing.     Of  such  a  membrane,  in  its  most  expanded  state,  that  wfaidi 
composes  the  walls  of  the  serous  cavities,  or  of  the  synovial  capsules,  aflordf 
a  good  example;  and  the  fluid  which  these  cavities  contain  is  secreted  by  it 
Of  mucous  membrane  the  structure  is  in  some  instances  almost  equally 
simple;  but  in  general  the  secreting  surface  is  extended,  by  the  inversion  of 
the  membrane  into  a  large  number  of  little  open  sacs  or  follicles,  which  are 
copiously  supplied  with  blood-vessels,  and  are  equally  concerned  with  the 
external  superficies,  in  the  elaboration  of  the  protective  secretion  that  cova* 
these  membranes.    In  the  most  complex  form  of  gland,  we  find  nothing  hot  a 
very  obvious  modification  of  this  structure.     Either  the  sacs  are  prokmged 
into  coeca  or  blind  tubes,  as  is  the  case  in  the  Human  kidney  and  testis;  or 
they  are  very  greatly  multiplied,  and  are  clustered  together  (just  like  co^ 
rants  upon  a  stalk)  upon  efferent  ducts  common  to  several  of  them,  as  is  seen 
in  the  parotid.     Now  that  the  particular  modification  of  structure  which  the 
gland  may  present,  has  no  essential  connection  with  the  character  of  the 
secretion  it  is  destined  to  form,  is  evident  from  this  circumstanoer— that 
almost  every  gland  may  be  found  under  a  variety  of  forms,  in  diflerent  parti 
of  the  animal  series.     The  secreting  system,  like  every  other,  is  far  sim- 
pler in  the  lower  class  of  Animals  than  in  the  higher;  the  number  of  effete 

♦  See  Dr.  G.  Bird,  in  Guy's  Hospital  Reports,  Vol.  v. 
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compounds  to  be  excreted  from  the  circulating  fluid  is  much  smaller;  and 
the  variety  of  purposes  for  which  special  secretions  are  required  is  much 
less.  Hence,  for  almost  every  gland,  there  is  a  part  of  the  animal  scale 
below  which  it  does  not  exist;  and  when  it  makes  its  first  appearance,  it 
almost  invariably  presents  a  character  nearly  as  simple  as  that  of  the  least 
complex  glandular  structures  in  the  higher  animals.  Thus  the  pancreas 
in  Fishes,  the  mammary-gland  in  the  Ornithoryncus,  the  salivary  glands  of 
the  Echinodermata,  the  urinary  organs  of  Insects,  are  nothing  more  than 
follicles  more  or  less  extended,  and  having  separate  orifices.  Again,  in  Insects 
we  find  that  all  the  glands, — the  liver  and  salivary  glands,  as  well  as  the  kid- 
neys and  testes, — have  the  form  of  prolonged  tubes;  whilst  in  Mollusca,  all 
the  secreting  organs, — the  urinary  and  genital,  as  well  as  biliary  and  sali- 
vary,—consist  of  multiplied  vesicles  connected  with  a  ramifying  duct. 
Moreover,  it  is  a  well-ascertained  fact  that,  even  in  the  highest  organisms, 
the  functions  of  glandular  structures  (especially  of  those  concerned  in  excre- 
tion) are  to  a  certain  degree  vicarious  with  each  other;  so  that,  when  the 
secretion  from  one  of  them  is  checked,  the  system  makes  an  eflbrt  to  throw 
off,  by  another  channel,  the  injurious  products  that  would  otherwise  accu- 
mulate in  the  blood.  What  is  the  nature  of  the  change  in  any  secreting  sur- 
face, that  causes  it  thus  to  take  on  a  new  function,  is  a  question  upon  which 
we  can  at  present  only  speculate;  we  have  no  more  certain  knowledge  of  it 
than  we  have  of  the  cause  which  occasions  their  normal  actions.  That 
there  is  some  kind  of  affinity  or  attraction  between  the  several  membranous 
surfaces,  and  the  matters  which  they  respectively  eliminate,  appears  from 
the  fact  that  of  the  foreign  substances  which  are  occasionally  absorbed  into 
the  blood,  some  pass  off  invariably  by  one  channel,  and  some  by  another; 
and  that,  in  general,  such  substances  have  a  particular  action  upon  the  glands 
by  which  they  are  eliminated,  as  is  seen  in  the  diuretic  operation  of  neutral 
salts. 

[[There  can  scarcely  be  a  more  beautiful  illustration  of  the  doctrine,  that 
physiology  is  as  capable  as  any  other  science  of  being  reduced  to  general 
principles,  and  that  these  principles  must,  if  valid,  be  of  tmiveracU  applica- 
tion, than  the  fact  that  the  process  of  secretion  is  performed,  in  animals  as 
in  plants,  by  the  agency  of  cells;  and  that  however  complex  the  structure 
of  the  secreting  organ,  these  simple  bodies  constitute  its  really  operative 
part.  The  progress  of  comparative  anatomy  had  shown  that  neither  its 
form  nor  its  internal  arrangement  could  have  any  essential  connection  with 
the  nature  of  its  product;  since  even  those  glands  (the  liver  and  the  kidney 
for  example)  in  which  there  is  the  greatest  peculiarity  of  structure,  make 
their  first  appearance  in  the  simplest  possible  form.  Still  something  was 
wanting  to  prove  that  the  structural  elements  immediately  concerned  are  in 
all  instances  the  same;  and  there  seemed  no  analogy  whatever  between  the 
secreting  membrane  of  the  animal  and  the  secreting  cell  of  the  plant.  The 
doctrine  was  first  propounded  by  Purkinje,  adopted  and  extended  by  Henle, 
and  fully  confirmed  by  the  interesting  researches  of  Goodsir  and  Bowman, 
that  true  secretion, — that  is,  the  elaboration  from  the  blood  of  certain  of  its 
solid  contents,  which  previously  existed  there  in  a  form  more  or  less  differ- 
ent from  that  in  which  they  afterwards  present  themselves, — is  always 
performed  by  the  intervention  of  cells;  which,  as  a  part  of  their  regular  vital 
actions,  withdraw  these  ingredients  from  the  blood  and  afterwards  set  them 
free  by  their  own  rupture  or  dissolution.  The  process  is  thus  strictly  ana- 
logoos  to  that  of  nutrition;  since  every  cell,  in  the  progress  of  its  develop- 
ment, forms  certain  peculiar  products  out  of  the  alimentary  materials 
supplied  to  it;  and  just  as  the  cells  at  the  extremities  of  the  villi  select  from 
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tlie  chyme  the  nutritive  portion  which  is  to  be  introduced  into  the  absoiiient 
vessels,  so  do  the  cells  that  line  the  secreting  tubuli  select  from  the  blood 
the  effete  particles  it  is  their  peculiar  province  to  assimilate,  and  discharge 
them  into  the  canals  by  which  they  will  be  carried  out  of  the  system.  As 
Mr.  Goodsir  very  justly  remarks,  '*  There  are  not,  as  has  hitherto  been  sap- 
posed,  two  vital  processes  going  on  at  the  same  time  in  the  gland,  growth 
and  secretion;  but  only  one,  viz.  growth.  The  only  difference  between 
this  kind  of  growth  and  that  which  occurs  in  other  organs  is,  that  a  portion 
of  the  product  is,  from  tlie  anatomical  condition  of  the  part,  thrown  cot  of 
the  system.*'  (Transactions  of  the  Royal  Society  of  Edinburgh,  vol.  xv.i 
p.  302.) 

There  cannot  be  a  better  illustration  of  this  view  than  the  nature  offaif 
the  production  of  which  is  exactly  the  intermediate  link  required  to  connect 
the  two  processes.     The  adipose  tissue  consists  of  cells,  by  the  action  of 
which  the  fatty  matter  is  elaborated  from  the  blood;  instead,  however,  of 
being  thrown  out  of  the  system,  it  remains  stored  up  in  their  cavities  nntd 
it  is  required  for  use  within  the  body;  and  it  must  then  be  taken  into  the 
circulation  by  a  process  resembling  the  first  absorption  of  aliment.     Nowt 
certain  proportion  of  fatty  matter  is  normally  found  in  the  secreting  cells  of 
the  liver,  and  tliis  quantity  may  be  very  much  increased,  as  Mr.  Bowman 
has  shown,  especially  in  diseases  which  obstruct  the  pulmonary  circnlatioa. 
The  fat  elaborated  by  these  cells  is  destined  to  be  thrown  off  from  the  syt- 
tem;  and  thus  we  perceive  how  much  the  anatomical  position  of  the  cells  btf 
to  do  with  the  result.    Mr.  Gulliver  has  communicated  to  the  Author  an  int0> 
resting  observation  on  the  state  of  the  secreting  cells  of  the  liver  in  jaundice, 
as  witnessed  by  him  in  two  cases.   They  were  found  to  contain  an  unusual 
quantity  of  biliary  matter,  (easily  distinguished  by  its  colour,)  which  was 
collected  chiefly  around  the  nuclei,  but  was  also  scattered  throughout  lbs 
cell.     Some  of  the  cells  were  nearly  opaque  from  the  great  quantity  of 
biliary  matter  contained  in  them.     In  healthy  cells  of  the  liver  the  same 
appearance  is  not  seen;  for  they  are  of  a  light  brown  colour  and  almost 
transparent.     It  would  be  interesting  to  examine  the  state  of  the  hepatic 
cells,  in  those  cases  in  which  there  is  not  a  retention  but  a  suppression 
of  the  secretion.     Another  interesting  example  of  abnormal  secretion  has 
been  mentioned  to  the  Author  by  the  same  industrious  observer.     Ob 
examining  the  so-called  piogenic  membrane  lining  a  chronic  abscess,  be 
found  it  to  consist  of  pus-like  globules,  strongly  resembling  the  colouiiess 
corpuscles  of  the  blood,  with  minuter  molecules,  and  united  by  fibrous 
fibrils;  altogether  very  much  like  the  false  membrane  which  he  has  depicted 
as  lining  a  tuberculous  cavity  (Philosophical  Magazine,  Nov.  1842).    The 
contents  of  the  abscess  were  common  pus,  mixed  with  a  considerable 
quantity  of  fibrinous  matter  in  masses  of  variable  size, — the  concrete  or 
lardaceous  pus  of  the  French.     The  secretion  of  the  purulent  fluid,  there- 
fore, takes  place  in  such  instances  from  a  membranous  surface  chieflf 
composed  of  cells  analogous  to  those  which  are  present  in  the  liquor  punt 
in  greater  or  less  amount. 

The  production  of  cells,  as  an  integral  part  of  the  normal  process  of 
secretion,  has  been  demonstrated  by  Mr.  Goodsir  in  a  considerable  variety 
of  instances;  and  he  has  further  shown  that  what  is  ordinarily  termed  an 
acinus  is  nothing  more  than  a  parent-cell  filled  with  progeny.  This  state- 
ment may  also,  as  appears  from  late  researches,  be  applied  to  the  lungs,  in 
which  the  air-tubes  do  not  terminate,  as  maintained  by  Reissessen  and  his 
followers,  in  single  dilated  ceeca,  but  open  into  a  system  of  communicating 
beaded  canals,  forming  a  kind  of  acinus.    These  beaded  canals  are  evi- 
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dently  composed  of  cells  partly  fused  together;  and  by  the  comparison  of 
their  state  in  animals  of  different  ages,  it  seems  that  they  are  all  developed 
from  the  cell  in  which  the  air-tube  terminates,  and  that  they  continue  to 
increase  in  number  from  the  period  of  birth  to  adult  age.  The  fact  already 
stated,  respecting  the  function  of  the  red  corpuscles  of  the  blood  and  their 
connection  with  the  respiratory  function,  supplies  the  required  proof  that 
respiration  takes  place  through  the  medium  of  cells.  But  it  may  be  ques- 
tioned whether  such  agency  is  necessary  where,  as  in  insects,  the  air 
comes  into  more  immediate  contact  with  the  blood;  the  change  being  of  a 
chemico-physical  character,  and  not  truly  vital. 

The  structure  of  the  testes  also,  and  the  nature  of  their  product,  have  an 
interesting  connection  with  the  structure  and  functions  of  the  ordinary 
secreting  organs.  It  was  ascertained  by  Wagner  that  the  most  character- 
istic portion  of  the  testes,  throughofkt  the  animal  kingdom,  are  the  cells  in 
which  the  spermatozoa  are  generated.  These  cells  are  found  among  the 
lower  animals  to  lie  in  the  midst  of  other  tissues,  and  to  set  free  their  pro- 
ducts by  rupture,  just  as  do  their  secreting  cells.  In  the  higher  animals 
the  process  cannot  be  so  well  observed,  since  the  cells  lie  in  a  testis  of  more 
complex  construction,  which  seems  destined  to  form  some  other  secretion; 
but  still  it  takes  place  in  a  manner  essentially  the  same;  and  thus  the  proof 
18  complete,  that  in  the  animal,  as  in  the  plant,  the  organic  functions  are 
all  performed  through  the  agency  of  cells. — C] 

The  Liver. — Secretion  of  Bile. 

650.  The  Liver  is  probably  more  universally  found  throughout  the 
Animal  scale,  than  any  other  gland.  Its  form  varies  so  greatly,  however, 
in  different  tribes,  that,  without  a  knowledge  of  its  essential  structure,  we 
should  be  disposed  to  question  whether  any  identity  of  character  exists 
amongst  the  several  organs  which  we  include  under  this  designation.  In 
the  higher  Polypes,  for  example,  we  find  it  to  consist  of  a  number  of  dis- 
tinct follicles,  lodged  within  the  walls  of  the  stomach,  and  pouring  their 
secretion  into  its  cavity  by  as  many  separate  orifices;  and  it  is  more  by  the 
peculiar  character  of  their  secretion,  than  by  any  other  distinction,  that  these 
follicles  arc  recognised  as  hepatic.  In  the  lower  Articulata  a  very  similar 
conformation  is  met  with;  but  in  the  higher  classes  of  this  series,  such  as 
Insects,  the  follicles  are  prolonged  into  tubes  of  considerable  extent.  It  is 
very  curious  to  observe,  in  animals  of  such  complex  structure,  that  a  few 
long  tubes,  closed  at  one  end,  and  opening  at  the  other  into  the  alimentary 
canal,  are  all  which  they  have  to  represent  a  Liver;  but  the  wonder  is  readily 
accounted  for,  by  keeping  in  view  the  extremely  active  respiration  of  these 
beings,  which  renders  unnecessary  any  other  complex  apparatus  for  elaborat- 
ing carbon  from  the  system.  On  the  other  hand,  among  the  Mollusca,  the 
Liver  attains  a  much  greater  development.  Instead  of  the  follicles  being 
prolonged  into  tubes,  (which  is  the  usual  form  of  the  glandular  system  in 
Insects)  they  are  very  much  increased  in  number,  and  arranged  on  the  sides 
of  canals  of  eflferent  ducts,  which  either  separately  pour  their  fluid  into  the 
intestine,  or  partially  unite  with  each  other  before  doing  so.  The  Liver 
thus  acquires  a  lobulated  character,  each  lobe  consisting  of  a  duct  with  its 
branching  follicles;  and  the  whole  organ  forms  a  considerable  proportion  of 
the  mass  of  the  viscera,  and  is  evidently  of  great  importance  in  the  economy 
of  the  animaL  It  is  interesting  to  compare  this  complex  structure  with  the 
very  simple  condition  presented  by  the  Liver  in  Insects;  and,  when  we  keep 
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in  view  the  relative  amount  of  respiration  in  the  two  groups  of  animali,  w« 
are  at  once  struck  with  the  fact,  that  the  development  of  the  Liver  bears  an 
inverse  proportion  to  the  opportunity  afforded  by  the  Respiratory  organs  for 
the  aeration  of  the  blood;  it  being  peculiarly  extended,  when  these,  either 
from  their  small  size,  or  from  their  employment  in  an  aquatic  mediQm«  can- 
not perform  their  function  with  great  activity.  This  conclusion  is  confirmed 
in  an  interesting  manner  by  the  fact,  that  the  Crustacea,  which  have  tilt 
general  organization  of  Insects,  but  which  inhabit  the  water  and  biealhe 
by  gills  instead  of  by  a  complex  system  of  air-tubes,  possess  a  liver  cor- 
responding in  form  and  in  degree  of  development  with  that  of  the  MoUnsca. 

651.  In  the  Vertebrate  Sub-kingdom,  we  may  trace  the  operation  of  the 
same  principle;  but  the  internal  structure  of  the  liver,  in  the  adult  condition 
at  least,  is  less  easily  demonstrated  than  it  is  in  the  lower  classes,  owing  to 
its  increased  complexity  of  structure,  and  the  closer  union  between  its  di(> 
ferent  parts.     In  Fishes  and  Reptiles,  the  liver  is  of  considerable  size,  and 
seems  to  perform  a  very  important  part  in  the  decarbonization  of  the  blood; 
its  form  is  adapted  to  that  of  the  cavity  in  which  it  is  lodged,  sometimes  ont 
lobe  only  being  developed.    In  Birds,  on  the  other  hand,  whose  respiration 
is  so  much  more  active,  it  is  much  smaller,  but  is  placed  on  the  median  line^ 
in  conformity  with  the  general  symmetry  of  their  internal  as  well  as  ezia>- 
nal  organs  (§51).     In   Mammalia,   also,  it  is  comparatively  small;  bnt, 
though  reduced  in  proportional  size,  it  is  at  the  same  time  much  more  eon^ 
pact  and  firm  than  in  the  lower  Vertebrata.     The  liver  of  Man  is  much  kv 
developed  thai|.that  of  many  other  Mammalia,  and  presents,  as  rudimentuy 
indications,  certain  organs  which  are  elsewhere  fully  developed.    TIib 
whole  mass,  which  we  are  accustomed  to  describe  as  consisting  of  a  r^t 
and  left  lobe,  does  in  reality  form  but  one  (there  being  no  real  division  be- 
tween its  two  portions),  which  must  be  regarded  as  the  central  lobe;  tbe 
lobulus  Spigelii  is  the  rudiment  of  a  second  or  right  lobe,  and  the  loMm 
caudatus  is  a  lobule  developed  from  it.     In  the  Carnivora  and  Rodentit, 
which  present  the  most  complex  form  of  liver  that  we  meet  with  among 
Mammalia,  there  are  five  distinct  parts; — a  central  or  principal  lobe,  cone* 
spending  with  the  principal  part  of  the  liver  of  Man;  a  right  lateral  lobe,  with 
a  lobular  appendage,  corresponding  to  the  lobulus  Spigelii  and  the  lobolii 
caudatus;  and  a  similar  lobe  and  lobule  on  the  left  side. 

652.  The  gall-bladder  is  an  appendage  to  the  Liver  of  which  we  find  no 
traces  in  the  In  vertebrata.  It  may  be  regarded  as  simply  a  dilatation  of  the 
efiferent  duct,  more  or  less  prolonged  from  it,  adapted  to  store  up  the  hepitie 
secretion  against  the  time  when  it  may  be  required.  In  Fishes  it  freqoentlyf 
but  by  no  means  constantly,  presents  itself;  in  Reptiles,  on  the  other  hflidi 
it  invariably  exists.  In  Birds  it  is  occasionally  absent,  even  in  speda 
closely  allied  to  others  that  possess  it,  and  without  any  marked  difiTerenoeiB 
the  food,  habits,  &c.,  of  the  two.  In  Mammalia,  again,  it  is  frequendy  abteDt» 
especially  among  herbivorous  animals;  sometimes,  on  the  other  hand,  tvo 
are  present,  a  second  or  accessory  gall-bladder  being  formed  upon  thedoettf 
communis  choledochus,  which  elsewhere  not  unfrequently  presents  a  diiaH* 
tion  in  the  same  situation.*  In  the  Human  species  the  gall-bladder  is  rarely 
absent,  except  in  cases  of  malformation  depending  upon  general  arrest  of 
development,  in  which  several  organs  are  involved.  The  excretory  doett 
of  the  liver  and  gall-bladder  have  three  coats, — an  internal  or  mucous,  i 
middle  or  fibrous,  and  an  external  or  cellular.    The  internal  coat  is  contina- 

*  In  the  first  Girafle  dissected  by  Mr.  Owen,  no  gall-bladder  was  foDod;  id  ibe 
second  there  were  two. 
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ous  with  the  mucous  membrane  of  the  intestinal  tube  into  which  it  opens; 
and  the  whole  glandular  structure  may  indeed  be  considered  as  a  complex 
prolongation  of  this,  copiously  supplied  with  blood-vessels,  and  packed  into 
the  smallest  possible  compass.  The  middle  or  fibrous  coat  bears  a  consider- 
able resemblance  in  aspect  to  that  of  the  arteries;  in  its  properties,  however, 
it  is  still  more  nearly  allied  to  true  muscle,  being  capable  of  exhibiting  con- 
traction on  the  application  of  stimuli  to  the  ganglionic  nerves  supplying  it 
(§  200);  and  in  some  instances  of  obstruction  it  has  presented  an  appearance 
very  closely  resembling  that  of  the  muscular  coat  of  the  alimentary  canal.* 
Dr.  Davy  has  pointed  out,  that  the  mucous  coat  of  the  ductus  communis  is 
disposed  in  valve-like  folds,  in  such  a  manner  as  to  prevent  the  reflux  of  the 
bile  or  of  the  contents  of  the  intestine. 

653.  The  liver  may  be  regarded  as  essentially  consisting  of  the  ramifica- 
tions of  the  hepatic  duct,  which  are  in  close  relation  with  those  of  the  portal 
vein  and  hepatic  artery,  that  serve  to  convey  the  blood  to  the  minutest  parts 
of  this  organ,  and  with  those  of  the  hepatic  vein,  which  return  it  to  the  heart, 
aAer  it  has  been  subservient  to  the  nutrition  of  the  structure  and  to  the  elabo- 
ration of  the  secretion.  Besides  these,  the  liver  contains  lymphatics  and 
nerves;  the  latter  are  chiefly  derived  from  the  sympathetic  system,  and  are 
distributed  on  the  walls  of  the  vessels  and  ducts.  These  various  portions  of 
the  structure  are  connected  together  by  a  fibrous  tissue,  to  which  the  name 
of  Glisson's  capsule  has  been  given.  For  our  present  knowledge  of  their 
ultimate  arrangement,  we  are  almost  entirely  indebted  to  Mr.  Kiernan,t  whose 
account  of  them  will  be  here  followed.  When  the  Liver  is  closely  examined 
with  the  naked  eye,  it  is  seen  to  be  made  up  of  a  great  number  of  small 
granular  bodies,  about  the  size  of  a  millet  seed,  of  an  irregular  form,  and 
presenting  a  number  of  rounded  projecting  processes  upon  their  surface. 
These  are  commonly  termed  lobules^  although  by  some  Anatomists  they  are 
•poken  of  as  acini.  When  divided  longitudinally,  they  have  a  somewhat 
foliated  appearance,  arising  from  the  distribution  of  the  hepatic  vein,  which, 
passing  into  the  centre  of  each  division,  is  termed  the  in/ra-lobular  vein. 
The  exterior  of  each  lobule  is  covered  by  a  process  of  the  capsule  of  Glisson; 
and  its  substance  is  composed  of  the  minute  ramifications  of  the  before-men- 
tioned vessels,  arranged  in  the  manner  presently  to  be  described,  the  spaces 
between  which  are  filled  up  with  a  parenchyma,  composed  of  nucleated  cells, 
SB  shown  in  the  accompanying  figure.  The  structure  of  each  lobule,  then, 
gives  us  the  essential  characters  of  that  of  the  whole  gland.j: 

654.  The  lobules,  when  transversely  divided,  are  usually  found  to  pre- 
sent somewhat  of  a  pentagonal  or  a  hexagonal  shape,  the  angles  being 

*  In  the  Horse  and  Dog  this  coat  is  clearly  muscular. 

t  Philosophical  Transactions,  1833. 

t  The  nacleated  cells  of  the  Liver  have  recently  been  made  the  subject  of  obser- 
vation by  Mr.  Bowman  (Medical  Gazette,  Jan.  1842)-,  and  he  has  arrived  at  some 
intercMin?  results  in  regard  to  them.  These  cells  seem  to  be  of  the  same  nature  with 
the  epitheliam-cells  of  other  glands  (§  668,  Fig.  70);  but  as  to  their  exact  position  in 
regard  to  the  terminations  of  the  biliary  plexus,  no  certain  information  has  yet  been 
obtained.  In  their  ordinary  state,  they  contain  "  one,  or  two,  or  more  globules  of  fatty 
matter,  irregularlv  placed,  and  of  variable  bulk."  But  in  the  condiuon  of  the  Liver 
known  as  "  fatty  degeneration,"  which  presents  itself  in  about  one-third  of  the  total 
number  of  cases  of  phthisis*?,  "  the  nucleated  cells  are  gorged  with  large  masses  of 
the  fatty  deposit,  which  augment  their  bulk,  and  more  or  less  obscure  their  nuclei." 
It  18  interesting  to  remark  that,  in  these  cases,  an  increased  secretion  is  taking  place 
in  the  liver,  in  consequence  of  the  imperfect  play  of  the  lungs;  and  that  the  deposition 
of  fatty  maUer  in  the  nucleated  cells  is  not  a  new  action^  but  only  a  natural  action 
augmented  in  degree.  Both  these  facts  have  a  general  application  or  some  importance, 
as  explained  in  the  following  paragraph. 
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generally  somewhat  rounded,  so  hi  to  form  a  aeries  of  passages,  or  inltr- 
lobular  spaces;  in  these  lie  the  branches  oflhe  vena  porta  and  of  the  hepatic 
artery  and  duct,  from  which  are  derived  the  plexuses  that  compose  the  lobule*. 
Each  lobule,  when  examined  with  the  microscope,  is  found  to  be  apparendy 

Fig.  59.  Fig.  60. 
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composed  of  numerous  minute  bodies  of  a  yellowish  colour,  and  of  viriou 
forms,  connected  together  by  vessels;  to  these  the  name  of  acini  wu  girea 
by  Matpighi,  and  to  these,  if  they  deserve  a  name,  it  ought  to  be  restricted. 
They  will  be  presently  shown,  however,  to  be  nothing  else  that)  the  imgn- 
lar  islets  lefl  between  the  meshes  of  the  plexus  formed  by  the  ultimate  rami- 
licaliuns  of  the  portal  vein.  Tbf 
Pig-  GL.  Vena  Porta,  it  will  be  recollacML 

is  formed  by  the  convergence  ofAi 
veins  which  return  the  blood  fnm 
the  chylopoietic  viscera;  and  tbert 
is  reason  lo  believe  that  it  alio  re- 
ceives the  blood  which  is  eoaitjtl 
lo  the  liver  for  the  purpose  of  naUt* 
tion  by  the  hepatic  artery.  At  it  i" 
an  afferent,  notan  efferent  vesHl.il 
has  aslrong  claim  to  the  chancvi 
of  an  artery,  even  although  it  con- 
veys venous  blood.  Like  an  aneryi 
it  gradually  subdivides  into  sDHlkr 
and  yet  smaller  branches:  and  » 
last  forms  a  plexus  of  vessels.  wfaK^ 
lies  in  the  interlobular  spaces,  ui 
spreads,  wi-.h  the  freest  inosGDl*- 
tion,  throughout  the  entire  liiK. 
To  these  vessels,  the  name  of  iritct- 
lobular  veins  is  given  by  Mr,  Ki«' 
nan.  Tlicy  ramify  in  Uie  capsulN 
of  the  lobules,  covering  with  thcii 

ions    the    whole   exienal 

surface  of  these;  and  then  enler  their  substance.  When  they  enter  ll« 
lobules,  they  are  termed  lobular  veins;  and  the  plexus  formed  by  their  rofr 
vergencc  from  the  circumference  of  each  lobule  towards  its  centre  [when 
their  ultimate  ramifications  terminate  in  those  of  the  iatra'lobiilar  or  heptiic 


bulu  pleiiig,  furiDrd  by  bmichei 
'.    (An«r  Kleman.) 
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vein)  is  designated  as  the  lobular  venous  ptextu.  In  the  islets  of  this  plexus 
(ihe  acini  ofMalpighi)  the  ramifications  of  the  hepatic  duct  are  distributed, 
in  ihe  manner  next  to  be  described. 

655.  The  hepa^c  duct  TormB,  by  its  subdivision  and  ramification,  an  in- 
terlobular plexus  of  a  very  similar  character;  but  the  anastomosis  between 
the  branches  going  to  the  dilfeient  lobules  is  less  intimate  than  that  of  the 
interlobular  veins,  and  cannot  be  directly  demonstrated,  although  Mr.  Kiernan 
thinks  that  his  experiments  leave  but  little  doubt  of  its  existence, — a  cona- 
municalion  ^which  cannot  be  seen  to  be  established  by  any  nearer  channel] 
being  provea  to  exist  between  the  right  and  left  primary  subdivisions  of  the 
duct.  The  interlobular  ducts  ramify  upon  the  capsular  surface  of  the 
lobules,  with  the  branches  of  the  portal  vein  and  hepatic  artery;  they  then 
enter  its  substance,  and  subdivide  into  minute  branches,  which  anastomose 
with  each  other,  and  form  a  reticulated  plexus,  termed  by  Mr.  K.  the 
lobular  biliary  plexus.     This  plexus  constitutes  the  principal  part  of  the 
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mbstance  of  the  lobule, 
when  seen  through  the  meshes 
of  the  portal  plexus,  gives  rise 
lo  the  appearance  of  cscal  ter- 
minations of  duels.  The  ulti- 
mate terminations  of  these  ducts 
have  not,  however,  been  traced 
in  the  adult  liver  of  any  of  the 
higher  animals,  although  they 
are  sufficienlly  evident  in  the 
embrj'onic  condition.  From 
the  analogy  of  other  organs, 
there  would  seem  good  reason 
to  believe,  that  the  ultimate 
ramificaliona  of  the  hepatic 
ducts  anastomose  freely  to- 
gether, and  that  they  form  a 

network,    in    which     their   ler-     lue;  d.puBnotirniBof  th»lubulei.   (After  ttLmml.) 

rainations  are  lost,  as  it  were, 

without  forming  true  cceca.'  This  view  of  the  matter  finds  confirmation  in 
the  curious  fact  pointed  out  by  Mr.  Kiernan,  that,  in  the  left  lateral  ligament 
the  essential  parts  of  a  lobe  are  found  in  their  simplest  form  and  srrange- 
IDenL  From  the  edge  of  the  liver  next  to  the  ligament,  numerous  ducts 
emerge,  which  ramify  between  the  two  layers  of  the  peritoneum  of  which 
the  ligament  is  composed.  They  are  accompanied  by  branches  of  the  por> 
Isl  and  hepatic  veins,  and  of  the  hepatic  artery,  which  also  ramify  in  this 
lipment,  especially  around  the  parietes  of  the  ducts.  These  ducts,  of  which 
some  are  occasionally  of  considerable  size,  divide,  subdivide,  and  anastomose 
with  each  other;  and  the  meshes  formed  by  the  network  of  larger  or  excret- 
ing dncts,  are  occupied  by  minute  plexuses  of  tlieir  ulumale  ramifications  or 
Mcreling  dncts. 

656.  The  Hepatic  Artery  sends  branches  to  every  part  of  the  Liver, 
•applying  the  walls  of  the  portal  and  hepatic  veins,  and  of  the  hepatic 
dacts,  as  well  as  Glisson's  capsule.  The  principal  distribution  of  its 
branches,  however,  is  to  the  lobules,  which  they  reach,  in  the  same  manner 
with  the  portal  vessels  and  biliary  ducts,  by  spreading  themselves  through 
the  interlobular  spaces.    There  they  ramify  upon  the  interlobular  ducts, 

•  See  Wilson  in  Cyulupaidia  of  Anatomy  and  Physicilogy,  Vol.  ru.  p-  ITO. 
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and  npon  the  capsular  surface  of  the  lobules,  which  they  then  penetrate; 
their  minuteness  prevents  their  distribution  within  the  lobules  from  being 
clearly  demonstrable;  but,  as  they  enter  along  with  the  biliary  ducts,  there 
can  be  little  doubt  that,  here  as  elsewhere,  they  are  principally  distributed 
upon  the  walls  of  these.     As  to  the  ultimate  termination  of  the  capillaries  of 
the  hepatic  artery, — whether  they  enter  the  portal  plexus  or  the  hepatic  f ein, 
— there  is  a  difference  of  opinion  amongst  anatomists;  the  former  view  being 
upheld  by  Kiernan,  the  latter  by  MUller.     The  question  is  a  very  interesting 
one  in  a  physiological  point  of  view;  since,  if  the  former  account  be  the  tme 
one,  the  blood  which  is  brought  to  the  liver  by  the  hepatic  artery  becomes 
subservient  to  the  secretion  of  bile,  only  by  passing  into  the  portal  plexus; 
whilst,  if  the  latter  be  the  correct  statement,  either  the  arterial  blood  is 
not  at  all  subservient  to  the  formation  of  bile,  or  the  secretion  can  be  elabo- 
rated from  the  arterial  capillaries.     The  experiments  of  Mr.  Kiernan  have 
satisfactorily  proved,  that  the  intra-lobular  or  hepatic  veins  cannot  be  filled 
by  injection  from  the  hepatic  artery,  though  they  may  be  readily  filled  from 
the  portal  plexus;  whilst,  on  the  other  hand,  there  is  reason  to  believe  that 
a  very  fine  injection  into  the  hepatic  arteries,  will  find  its  way  into  the  portal 
plexus.^     It  is  certain  that  all  the  branches  of  the  hepatic  artery,  of  whieb 
the  termination  can  be  ascertained,  end  in  the  vena  porta;  a  free  capillaiy 
communication  existing  between  their  two  systems  of  branches,  on  the 
walls  of  the  larger  blood-vessels  and  ducts.     According  to  Miiller,  there  it 
an  ultimate  plexus  of  capillary  vessels,  with  which  all  the  three  systems 
freely  communicate;  but  for  this  idea  there  is  no  adequate  foundation;  and  it 
is  inconsistent  with  the  fact  just  stated,  that  injection  into  the  hepatic  arteij 
does  not  return  by  the  hepatic  vein. 

657.  It  now  only  remains  to  describe  the  Hepatic  Veins,  the  branchas 
of  which  occupy  the  interior  of  the  lobules,  and  are  termed  t/i/ra-lobnlar 
veins  (a,  a,  Figs.  61  and  62).  On  making  a  transverse  section  of  a  lobnle, 
it  is  seen  that  the  central  vessel  is  formed  by  the  convergence  of  from  foor 
to  six  or  eight  minute  venules,  which  arise  from  the  processes  upon  the  8n^ 
face  of  the  lobule.  In  the  superficial  lobules  (by  which  term  are  desig- 
nated those  lobules  which  lie  upon  the  exterior  of  the  glandular  substance,  ool 
only  upon  the  surface  of  the  liver,  but  also  against  the  walls  of  the  larger 
vessels,  ducts,  &;c.,)  the  intralobular  veins  commence  directly  from  their 
surface;  and  the  minute  venules  of  which  each  is  composed  may  be  seen,  is 
an  ordinary  injection,  converging  from  the  circumference  towards  thecentrei 
as  in  the  transverse  section  of  other  lobules.  The  intralobular  veins  tenni* 
nate  in  the  larger  trunks,  which  pass  along  the  bases  of  the  lobules,  coliecl- 
ing  from  them  their  venous  blood;  these  are  called  by  Mr.  Kiernan  sulMi^ 
lar  veins.  The  main  trunk  of  the  hepatic  vein  terminates  in  the  ascending 
vena  cava. 

658.  The  knowledge  of  the  distribution  of  the  biliary  ducts,  and  of  the 
two  chief  systems  of  blood-vessels,  in  the  lobules  of  the  liver,  has  enabled 
Mr.  Kiernan  to  give  a  most  satisfactory  explanation  of  appearances,  by 
which  pathological  anatomists  had  been  previously  much  perplexed.  Wbeu 
the  Liver  is  in  a  state  of  aneemia  (which  rarely  happ>ens  as  a  natural  condi- 
tion, although  it  may  be  induced  by  bleeding  an  animal  to  death)  the  whole 
substance  of  the  lobules  is  pale,  as  represented  in  Fig.  63.  In  genenli 
however,  the  Liver  is  more  or  less  congested  at  the  moment  of  death;  and 
this  congestion   may  manifest  itself  in  several  ways.     The  whole  snb- 

*  This  is  staled  tu  have  been  the  case  id  the  injections  of  LieberkQhn;  altboogli 
Mr.  Kiernan  has  not  succeeded  in  effeciing  it. 
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stance  may  be  congealed;  in  which  case  the  lobules  present  a  nearly  aniform 
darlc  colour  ihrou^houi  their  substance^— iheJT  centres  being  usually  more 
deeply-coloured  ihan  the  margins.  An  appearance  more  Trequently  offered 
after  death,  however,  is  that  represented  at  Fig.  64,  and  termed  by  Mr. 
Kiernaa  the  Jirst  stage  of  hepatic  venous  coDgestion.     In  this,  the  isolated 


Fig.  63. 


Fig.  M. 


centres  of  the  lobules  alone  present  ihe  colour  of  sanguineous  congeslionj  and 
the  aurrouading  substance  varies  from  a  yellowish  white,  yellow,  or  greenish 
colour,  according  to  tlie  quanliiy  and  quality  of  Ihe  bile  which  it  contains. 
The  accumulation  of  the  blood  in  the  hepatic  veins,  and  the  emptiness  of 
the  porta]  plexus,  is  evidently  due  to  the  continuance  of  capillary  action 
after  the  general  circulation  has  ceased; — a  circumstance  lo  which  we  find 
an  exact  parallel,  in  the  emptiness  of  the  systemic  arteries,  and  the  fulness  of 
the  veins,  after  most  kinds  of  death.     In  the  second  stage  of  hepatic  venous 

intralobular 

The  parts 

'  spaces;  so  that 

lar  or  irregu- 

»  (Fig.  65).' 

1  involved 


congestion,  ihe  accumulation  of  blood  is  found  not  only  ti 
veins,  but  even  in  parts  of  the  portal  or  lobular  venous  plex 
which  are  freest  from  it  are  those  surrounding  the  interlobular 
ihe  non-congested  subi>tance  here  appears  in  the  form  of  c* 
lar  patches,  in  the  midst  of  which  the  spaces  and  fissures  are 
Although  the  portal  as  well  as  the  hepatic  venous  system 
in  this  form  of  congestion,  yet,  as  the  obstruction  evidently  originates  in 
latter,  the  term  given  by  Mr.  Kieman  is  still  applicable ;  and  it  is  im- 
portant to  distinguish  this  appearance  from  that  next  to  be  described.  The 
■econd  stage  of  hepatic  venous  congeslion  very  commonly  attends  disease  of 
the  heart,  and  other  disoiders  in  which  there  is  an  impediment  to  the 
venous  circulation  ;  in  combination  with  accumulation  in  the  biliary  dncts, 
it  gives  rise  to  those  various  appearances  which  are  known  under  the  name 
of  dram  drinkers'  or  nutmeg  liver.  The  other  form  ofpartial  congestion  arises 
from  an  accumulation  of  blood  in  the  portal  veins,  with  a  reverse  condition 

•  This  very  common  aspect  of  ihe  liver,  which  presents  numerous  moditicationa, 
basbeen  a  source  of  great  perpleiity  to  those  who  have  studied  the  minute  anatomy 
of  this  organ,  and  has  «ven  led  AnaiomistK  of  the  highest  eminence  into  serious 
errors.    See  Cyclop,  of  Aoal.  nnri  Physio,  Vol.  iii.  pp   IR5,  IHfi. 
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of  ihe  hepatic  or  inbalobular  veins ;  in  this  conditioa,  which  Mr.  K.  deaig- 
nates  a«  portal  vtnout  congtttion,  the  marginal  portiona  of  the  lobules  are 
«f  deeper  colour  than  usual,  and  form  a  continuous  network,  the  isolated 


apaces  between  which  are  occupied  by  the  non-congested  portions  (Fi^.  66). 
This  is  a  very  rare  occurrence;  having  been  seen  by  Mr.  K.  in  childia 
only.  These  differences  fully  csphiin  the  diversity  of  the  atateraenti  of 
different  anatomists  as  to  the  relative  position  of  the  so-called  red  and  ytllow 
siibstani-cs  ;  for  it  now  appears  thai  ihc  red  substance  is  (he  con^tiltd 
portion  of  the  lobules,  which  may  be  either  interior  or  exterior,  or  ir^ep^ 
larly  disposed ;  whilst  the  yellow  is  the  non-congesled  part,  in  which  lb« 
biliary  plexus  shows  itself  more  or  less  dislinclly, 

650.  Another  very  interesting  fomi  of  pathological  change  in  the  aspect 
of  ibc  Liver,  which  ihc  knowledge  of  the  structure  of  tlie  lobules  en^^ 
us  lo  comprehend,  is  that  to  whicli  the  name  of  Cirrhosin  has  been  girtn. 
This  has  been  erroneously  attributed  lo  the  presence  of  a  new  de[io*i>, 
analogous  to  that  of  tubercular  matter;  but  it  is  really  due  to  atrophy  sml 
partial  congestion  in  the  liver  itself.  It  is  described  by  Laennec  as  uiuillf 
presenling  itself  in  small  masses,  varying  in  size  from  a  cherry-stone  »» 
millet-seed,  and  scattered  through  the  substance  of  the  liver.  When  dwM 
are  minute,  and  closely  set,  they  impart  what  appears  at  first  to  be  a  nni- 
form  brownish-yellow  tint  to  the  divided  surface  of  the  liver;  but  wbrt 
the  tissue  is  more  altenlively  examineil,  their  separation  becomes  evideol. 
These  small  masses  are  noldistinct  lobules  in  a  variable  state  of  hyperirophT 
(as  supposed  by  Cruveilhier),  but  small  uncongested  patches,  composed  w 
parts  of  several  adjoining  lobules,  and  having  one  or  more  interlobular  spscH 
for  a  centre;  and  the  biliary  plexuses  of  these,  being  filled  with  bile,  girM 
them  their  yellow  colour.  On  the  other  hand,  there  is  an  atrophy,  mott 
or  less  complete,  of  (be  portiona  of  the  substance  of  the  liver  interveninf 
between  them;  so  that  (lie  bulk  of  the  wliole  organ  is  much  diminisWi 
very  comniotily  to  one  half,  and  sometimes  to  one  third,  of  its  origiail 
size. 
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660.  In  regard  to  the  embryonic  development  of  the  Human  Liver,  a 
considerable  part  of  our  information  must  necessarily  be  derived  from  the 
study  of  tiiat  of  other  animals;  and  this  is  not  so  much  from  Mammalia  as 
from  Birds;  since  the  development  of  this  organ  commences  so  early  in  the 
former,  its  phases  are  so  rapidly  hurried  through,  and  its  evolution  so  soon 
completed,  that  the   process  cannot    be  continuously  watched.     In  the 
chick,  the  rudiments  of  the  liver  are  found  at  the  commencement  of  the 
third  day  of  incubation,  in  the  form  of  two  ccecal  pouches,  which  are  pro- 
longed from   the  intestinal  tube ;  these  carry  before  them  a  fold  of  the 
vascular  layer,  from  which  the  blood-vessels  subsequently  originate ;  and 
they  soon  begin  to  ramify  in  this,  sending  off  branches,  of  which  the  coBcal 
extremities  are  still  evident.     At  the  end  of  the  fourth  day,  the  tubuli  and 
their  ramifications  have  attained   a  considerable  size ;  and  they  approach 
each  other  and  coalesce  at  the  base,  entering  the  intestine  by  an  orifice 
common  to  the  two.     In  this  process,  it  is  easy  to  recognise  the  analogy 
to  the  succession  of  forms  which  we  encounter  in  ascending  the  animal 
scale.     The  size  and  density  of  the  organ  are  gradually  increased;  but  it 
is  not  until  several  days  afterwards,  that  the  gall-bladder  is  developed.     In 
the  Human  embryo,  the  formation  of  the  liver  begins  at  about  the  third 
week  of  intra-uterine  existence;  the  organ  is  from  the  first  of  very  large 
size,  when  compared  with  that  of  the  body;  and  between  the  third   and 
the  fifth  week,  it  is  one  half  the  weight  of  the  entire  embryo.     It  is  at  that 
period  divided  into  several  lobes.     By  the  third  lunar  month,  the  liver 
extends  nearly  to  the  pelvis,  and  almost  fills  the  abdomen;  the  right  side 
now  begins  to  gain  upon  the  left;  the  gall-bladder  begins  to  appear  at  this 
time.     The  subsequent  changes  chiefly  consist  in  the  consolidation  of  the 
viscus,  and  the  diminution  of  its  proportioned  size.     Up  to  the  period  of 
birth,  however,  the  bulk  of  the  l^er,  relatively  to  that  of  the  entire  body,  is 
much  greater  than  in  the  adult;  the  proportion  being  as  1  to  1 8  or  20  in  the 
new-bom  child,  whilst  it  is  about  1  to  36  in  the  adult:  and  the  difference 
between  the  right  and  left  sides  is  still  inconsiderable.     During  the  first 
year  of  extra-uterine  life,  however,  a  great  change  takes  place;  the  right 
lobe  increases  a  little  or  remains  stationary,  whilst  the  left  lobe  undergoes  an 
absolute  diminution,  being  reduced  nearly  one-half;  and  as,  during  the 
same  period,  the  bulk  of  the  rest  of  the  body  has  been  rapidly  increasing, 
the  proportion  is  much  more  reduced  during  that  period,  than  in  any  sub- 
sequent one  of  the  same  length.     According  to  Meckel,  the  liver  of  the 
newly-born  infant  weighs  one-fourth  heavier  than  that  of  a  child  of  eight  or 
ten  months  old ;  and  as  the  weight  of  the  whole  body  is  more  than  doubled, 
during  the  same  time,  it  is  obvious  that  the  change  in  the  proportion  of  the 
two  must  be  principally  effected  at  this  epoch. 

661.  Previously  to  birth,  the  Liver  is  the  only  decarbonizmg  organ,  the 
longs  being  at  that  time  inert;  but  as  soon  as  the  latter  come  into  play, 
they  separate  from  the  venous  blood  a  large  proportion  of  the  carbon  with 
which  it  is  charged,  and  less  blood  is  transmitted  to  the  liver  for  this  pur- 
pose. The  diminution  in  the  quantity  of  the  blood  circulating  through 
this  organ,  is  extremely  rapid,  and  is  usually  very  evident  within  a  short 
time  after  birth,  in  the  comparative  paleness  of  its  substance.  It  has  been 
proposed  to  give  this  fact  a  practical  bearing,  in  those  judicial  inquiries 
which  are  directed  to  the  determination  of  the  question  whether  or  not  an 
infant  has  respired  after  birth;  it  having  been  conceived  that  the  diversion 
of  the  current  of  the  blood  from  the  liver  to  the  lungs,  consequent  upon 
the  first  inspiration,  would  be  sufficient  to  make  a  certain  difference  in 
their  relative  weiglits,  if  that  inspiration  had  taken  place.     More  careful 
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ami  I'xtomloil  observations,  however,  have  satisfactorily  provtti 
ihoiigli  :m  iiierease  in  the  weight  of  the  hm^,  and  a  diminution  o 
the  liver,  are  generally  Ibiiml  to  exist  after  respiration  has  been  r 
blisheiK  they  are  not  by  any  means  constantly  produced  when  lie 
lions  have  been  feeble,  as  iliev  freniientlv  are  for  sonic  hours  or  c 
birth;  whilst,  on  the  other  hand,  it  is  not  uncommon  to  meet,  i: 
that  have  not  breathed,  with  luni;:s  as  heavy,  and  li%*ers  as  lighu  i 
averajje  of  those  which  have  respired.* 

lUVJ.  We  have  now  to  consider  the  conditions  under  which  the  5*-: 
Uile  t:\kcs  place;  and  one  of  the  most  important   of  these,  is  the 
of  the  blood  with  which  the  or^an  is  supplied.      We  have  scf-n  iha: 
anatomical  reason  for  the  beliet'.  that   the  blood   supplied  by  :h-^ 
aiterv  is  not  di recti v  concerned  in  the  secretion;   but   that  it  in 

m 

lor  the  nutrition  of  the  orjan,  and  then,  passing"  into  the  por:al  fj 
the  same  manner  as  does  the  blood  of  the  mesenteric  and  o'J;er  - 
lorsns    part   of  the   mass  of  venous   blood  fmm   which    the  biliai 

e!.;lvr.'.;c  ;heir  i:r,:d.  Tliis  view  is  borne  out  bv  iho  resulis  of  exper: 

*  ■ 

of  p.r.holOiriiMl  o^ser\a:ion.  Thus,  if  :he  vena  porta  be  lied,  it.*:  **•: 
bill*  s:i:l  ci>r.:ini::s.  ihoucii  in  dimit^ished  0U3n:i:v:  and  seven!  .: 
on  rt\'o:d,  in  w:;u'h.  ihroujh  a  nia.fornianon.  iho  vt  na  porta  term, 
the  ver.a  c,i\.i  w;:ho;::  rannfvins:  '.-".rov.^h  :he  liver,  and  in  wh:-n  i 
of  b:*.e  ivV^k  :\A»'e.  e^i.ur.'.'.v  fro::i  ihe  b'.oovi  of  the  her'a:ic  antrv  w 
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'  id  the  congestion  of  the  portal  system ;  this  last  results  from  the  same  cause 
:3  that  which  stagnates  the  blood  in  the  lungs  when  there  is  deficient  respi- 
.ition  (§  548),  and  frequently  occasions  ascites  and  other  disorders  of  the 
jntents  of  tlie  abdomen.  An  abnormal  accumulation  of  the  elements  of 
le  bile  in  the  blood  is  habitual  in  some  persons;  and  it  produces  a 
3gree  of  indisposition  to  bodily  or  mental  exertion,  which  it  is  difHcult  to 
>unteract.  It  may  often  be  recognised  by  the  accumulation  of  dark 
.ucus  having  distinctly  the  taste  of  bile,  on  the  surface  of  the  tongue, 
ipecially  during  the  night ;  this  secretion  being  apparently  eliminated  by 
le  mucous  membrane  of  the  tongue,  when  the  function  of  the  liver  is  not 
aly  performed. 

663.  Much  discussion  has  taken  place  among  Chemists,  in  regard  to  the 
roximaie  principles  of  the  Biliary  secretion,  a  great  number  of  analyses 
mving  been  made,  amongst  the  results  of  which  there  is  a  great  want  of 
onformliT.     The  discrepancies  principally  arise  from  this  source, — that 
ae  secretion  is  acted  on  with  great  facility  by  chemical  reagents,  so  that 
lanj  of  the  component  parts  which  have  been  enumerated  arc  not  true 
ducta^  boi  are  products  of  the  operations  to  which  the  fluid  has  been  sub- 
ected.     The  proportion  of  solid  matter  is  usually  from  0  to  12  per  cent.; 
nd  neaiiy  the  whole  of  this  consists  of  a  substance  peculiar  to  bile,  in 
rhich  the  oleaginous  character  certainly  predominates.     This  substance 
ontains  a  large  proportion  of  carbon  and  hydrogen,  with  little  or  no  azote. 
Ve  are  probably  to  distinguish  in  it  two  very  different  compounds.     The 
rst  of  these  is  termed  Cholesterine;  it  is  a  white  cry  stall  izable  fatty  matter, 
omewhat  resembling  spermaceti,  free  from  taste  and  odour,  not  soluble  in 
rater,  but  dissolving  freely  in  alcohol,   from  which  it  is  deposited  on 
ooling  in  pearly  scales.     It  is  almost  entirely  composed  of  carbon  and 
ydrogen;  its  constitution  being  37  Carbon,  32  tlydrogen,   1   Oxygen. 
This  may  be  pretty  certainly  considered  as  a  real  proximate  element  of  the 
He,  since  it  frequently  separates  itself,  when  present  in  superabundant 
uantity,  forming  biliary  concretions,  which  are  sometimes  composed  of 
bis  alone,  but  more  commonly  contain  a  small  portion  of  resinous  and 
olouring  matter.     Moreover,  it  may  be  obtained  by  a  chemical  process  of 
ko  great  complexity  from  the  serum  of  the  blood;  and  it  is  not  unfrequently 
leposited  as  a  result  of  diseased  action  in  other  parts  of  the  body;  especially 
,n  the  fluids  of  local  dropsies,  as  hydrocele,  ovarian  dropsy,  d^c.     The 
3ther  substance,  now  termed  Bilin  (formerly  Picromel),  is  that  to  which 
the  peculiar  taste  of  the  bile,  which  is  at  the  same  time  bitter  and  sweet,  is 
due.     According  to  the  account  most  recently  given  of  this  compound,  by 
Berzelius,  it  is  a  translucent,  colourless,  inodorous  mass,  without  crystal- 
lization; it  is  very  soluble  in  water  and  alcohol,  but  insoluble  in  ether.     It 
contains  nitrogen,  and  is  decomposed  by  heat,  with  the  formation  of  am- 
moniacal  products.     Bilin  is  a  readily  alterable  substance;  it  is  decom- 
posed by  acids  into  five  different  substances,  namely,  ammonia,  taurin, 
fellinic  and  cholinic  acids,  and  dyslysin;  and  it  appears  that  this  decom- 
position may  take  place  in  the  bile  of  the  living  body.     The  last  of  the^e 
products  appears  to  be  that  which  has  been  spoken  of  by  some  Chemists  as 
tlie  resin  of  the  bile.     The  colouring  matter  of  the  bile  is  now  termed  Bili- 
verdin.     It  contains  no  azote;  and  that  of  the  ox  appears  to  be  idea:iea^ 
with  the  chlorophyll  of  plants.     When  exposed  to  the  air.  it  becornet  oc'  a 
deep  green,  absorbing  oxygen;  and  the  same  change  is  produced  r.j  c. 
acid,  the  liquor  soon  passing,  however,  to  a  red  hoe.    It  frequ*;n'ij  sskf 
place  within  the  body,  in  cases  of  jaundice;  bat  more  .es[K;rr!%iiv  ia 
urine.     Though  the  colouring  matter  is  asually  picseot  bat  in  smaC  -^ 


664.  The  amount  of  the  Bccrclion  of  Bile  appears  to  be 
lioD  lo  that  of  ihe  fooil  iligcsled.  Thai  its  formulioi]  is  ci 
on  to  a  certain  degree,  appears  unquestionable;  but  thai 
greatly  increased  during  the  solution  of  food  in  the  stomal 
to  be  well  established.  Whether  ihe  slimulna  lo  the  incrra 
that  period  is  occasioned  by  an  increased  (low  of  blood,  • 
Ihrough  tlie  nervous  system,  there  is  no  evidence;  the 
ealivary,  lachrynnal,  and  other  secretions  would  indicate 
those  animals  which  are  most  constantly  ingesting  food,  ■ 
bladder;  for  in  (hem,  the  bile  may  be  poured  into  the  inies 
is  formed.  In  those  which  only  take  food  occasionally,  on 
and  which  are  provided  with  a  gall-bladder,  the  liile,  when 
the  intestine,  ^ows  back  into  that  reservoir.  This  reflu 
due  to  the  valve-liko  termination  of  the  ductus  communis 
the  intestine,  which  otTers  a  certain  resistance  to  the  entrai 
unless  it  be  propelled  by  some  decided  force.  The  How  < 
intestinal  tube,  when  its  action  is  needed  there,  is  comni< 
the  pressure  of  the  distended  duodenum  against  the  j^all-blai 
doubted,  however,  whether  the  contractile  power  of  the  d 
not  alTord  important  aid  in  the  process;  and  it  ia  easy  to  ui 
the  known  influence  of  the  Sympathetic  system  of  ncrrcs  i 
thai  peristaltic  movements  may  be  excited  at  the  time 
needed.  It  is  an  interesting  fact,  proving  how  completely 
bile  into  Ihe  intestine  is  dependent  upon  the  presence  of 
latter,  that  the  gall-bladder  is  almost  invariably  found  tur 
who  have  died  of  starvation;  the  secretion  formed  at  the  oni 
having  gradually  accumulated,  for  want  of  demand.  This  f 
in  juridical  inquiries. 

665.  Of  the  operation  of  the  bile  in  the  dtgestire  proct 
already  been  said  (§  442).  No  certain  information  has  yci 
whether  any  of  the  elements  of  the  bile  itself  are  absorbei 
chyle;  or  whether  the  bile  acts  simply  as  a  precipitant,  ar 
cast  out  of  the  system,  with  the  useless  portion  of  the  chvn 
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3^  manner.     It  would  not  seem  improbable,  that  the  liver  acts  towards  the 
absorbed  matters  which  enter  the  blood  by  the  mesenteric  veins,  the  same 
-  part  which  the  lungs  perform  for  those  which  are  introduced  through  the 
lymphatic  system;  namely  the  affording  an  opportunity  for  the  excretion  of 
.-superfluous  or  injurious  substances  contained  in  the  absorbed  fluid  before  it 
enters  the  general  current  of  the  circulation.     There  is  every  reason  to  be- 
T-.'lieve  that  the  conversion  of  chyle  into  blood  is  a  slow  process,  requiring 
:.  the  prolonged  influence  of  the  latter  fluid  upon  the  former;  during  this  in- 
fluence many  chemical  changes  take  place,  which  are  almost  certain  to  be 
.•-  attended  with  an  extrication  of  carbon  and  hydrogen,  these  being  the  ingre- 
dients of  which  the  chyle  contains  most  when  compared  with  blood;  and 
.X  for  the  extrication  of  these,  the  lungs  and  liver  aflbrd  ready  means.     Hence 
y:  we  see  why  the  lacteal  system  should  terminate  in  a  venous  trunk  near  the 
heart,  so  that  the  fluid  discharged  by  it  will  proceed  at  once  to  the  lungs; 
^  \and  why  the  liver,  wherever  it  has  a  distinct  circulation,  should  receive  the 
r^f  blood  from  the  walls  of  the  intestines.*     This  view  derives  interesting  con- 
'.'  firmation  from  the  experiments  of  Cruveilhier,  on  the  artificial  production 
',  of  purulent  deposits  by  injection  of  mercury  into  the  veins.     He  found  that, 
^*  when  the  mercury  was  introduced  into  any  part  of  the  general  venous  sys- 
,  tern,  abscesses  in  the  lungs  were  induced,  each  inclosing  a  globule,  the  irri- 
L.  tation  occasioned  by  which  was  the  cause  of  the  purulent  deposit.     When 
Z  the  mercury  was  introduced  into  one  of  the  intestinal  veins,  on  the  other 
^^   hand,  similar  purulent  deposits  occurred  in  the  liver.     It  is  well-known  that 
'^  abscesses  in  the  lungs  and  liver  are  very  common  sequelae  of  wounds  of  the 
"^  head,  and  of  surgical  operatiohs,  especially  those  involving  bones;  and  there 
^  teems  good  reason  to  believe,  that  in  such  cases  pus  is  actually  carried  along 
'  with  the  current  of  blood  into  the  lungs  and  liver;  and  that,  like  the  globules 
'  of  mercury,  not  being  susceptible  of  elimination  by  these  two  great  emunc- 
^  tories,  it  acts  as  a  disturbing  cause,  and  occasions  disease  in  their  tissue. 
"^  The  fact  that  a  considerable  amount  of  copper  may  be  detected  in  the  sub- 
^    stance  of  the  liver,  after  the  prolonged  introduction  of  its  salts  into  the  sys- 
^    tem,  seems  to  add  weight  to  this  view  of  its  function.     It  is  yet  to  be  ascer- 
^   tained,  however,  why  some  substances  should  be  arrested  in  this  organ, 
^    whilst  others  are  allowed  to  pass. 

The  Kidneys. — Secretion  of  Urine, 

666.  The  kidneys  cannot  be  regarded  as  inferior  in  importance  to  the 
Liver,  when  considered  merely  as  excreting  organs:  but  their  function 
only  consists  in  separating  from  the  blood  certain  eflete  substances  which 
are  to  be  thrown  off  from  it;  and  has  no  direct  connection  with  any  of  the 
nutritive  operations  concerned  in  the  introduction  of  aliment  into  the  sys- 
tem. Organs  destined  to  the  elaboration  of  a  urinary  secretion  may  be 
traced  very  low  down  in  the  Animal  scale.  Among  many  of  the  Mollusca 
we  find  a  small  sac,  filled  with  a  semi-fluid  secretion  which  has  been  shown 
to  contain  uric  acid,  opening  into  the  intestine  near  its  anal  orifice.  In 
Insects,  we  often  meet  with  prolonged  tubes,  resembling  the  biliary  ves- 
sels in  form,  and  terminating  in  the  same  situation;  in  some  species  these 
are  dilated  near  their  extremity  into  a  receptacle  for  their  secretion,  or  a 
urinary  bladder.     Throughout  the  Vertebrated  classes  they  exist  in  a  still 

r 

•  Among  the  Mollusca,  the  chyle  is  absorbed  by  the  mesenteric  veins,  there  being 
no  separate  lacteal  system.    These  veins,  instead  of  returning  to  the  heart  through 
the  liver,  terminate  in  the  branchial  vessels;  and  the  process  of  depuration  is  effected 
by  the  gills.    Their  liver  is  supplied  only  by  the  hepatic  artery. 
65 
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and  extended  observations,  however,  have  satisfactorily  proved  that,  al- 
though an  increase  in  the  weight  of  the  lungs,  and  a  diminution  of  that  of 
the  liver,  are  generally  found  to  exist  after  respiration  has  been  fully  esta- 
blished, they  are  not  by  any  means  constantly  produced  when  the  inspira- 
tions have  been  feeble,  as  they  frequently  are  for  some  hours  or  days  aHer 
birth;  whilst,  on  the  other  hand,  it  is  not  uncommon  to  meet,  in  infants 
that  have  not  breathed,  with  lungs  as  heavy,  and  livers  as  light,  as  in  the 
average  of  those  which  have  respired.* 

662.  We  have  now  to  consider  the  conditions  under  which  the  secretion  of 
Bile  takes  place;  and  one  of  the  most  important  of  these,  is  the  character 
of  the  blood  with  which  the  organ  is  supplied.     We  have  seen  that  there  is 
anatomical  reason  for  the  belief,  that  the  blood  supplied  by  the  hepatic 
artery  is  not  directly  concerned  in  the  secretion;  but  that  it  first  serves 
for  the  nutrition  of  the  organ,  and  then,  passing  into  the  portal  system  (Iq 
the  same  manner  as  does  the  blood  of  the  mesenteric  and  other  arteries), 
forms   part  of  the  mass  of  venous  blood  from  which  the  biliary  tubes 
elaborate  their  fluid.  This  view  is  borne  out  by  the  results  of  experiment  and 
of  pathological  observation.  Thus,  if  the  vena  porta  be  tied,  the  secretion  of 
bile  still  continues,  though  in  diminished  quantity;  and  several  cases  are 
on  record,  in  which,  through  a  malformation,  the  vena  porta  terminated  in 
the  vena  cava  without  ramifying  through  the  liver,  and  in  which  secretion 
of  bile  took  place,  evidently  from  the  blood  of  the  hepatic  artery  which  bad 
become  venous  by  circulating  tlirough  the  substance  of  the  liver;  and  this 
blood  appearst  to  have  passed  into  the  ramifications  of  the  umbilical  vein, 
which  formed  a  plexus  in  the  lobules,  exactly  resembling  the  ordinary 
portal  plexus.     It  must  be  remembered,  however,  that  in  all  these  instances 
the  arterial  blood  will  become  abnormally  charged  with  the  elements  of 
bile;  since  the  blood  of  the  chylopoietic  vilbera,  from  which  it  ought  to  have 
been  separated,  returns  to  the  heart  without  undergoing  any  such  purifica- 
tion: and  the  secretion    of  bile  from  the   blood   supplied  by  the  hepatic 
artery  under  such  circumstances  cannot,  therefore,  be  considered  as  proving 
that  tiie  arterial  blood  is  ordinarily  concerned  in  the  secretion  to  the  same 
degree.     That  the  proximate  elements  of  the  bile  accumulate  in  the  blood, 
when  from  any  cause  the  secretion  is  suspended,  is  a  fact  now  well  ascer- 
tained; and   this   satisfactorily  accounts  for  the  disturbance    of  the  other 
functions,  especially  those  of  the   nervous   system,  which    then  ensues. 
When  the  suppression  is  complete,  the  patient  suddenly  becomes  jaun- 
diced, the  powers  of  that  system  are  speedily  lowered  (almost  as  by  a 
narcoctic  poison),  and  death  rapidly  supervenes.f     When  the  secretion  i« 
diminished,  but  not  suspended,  the  same  symptoms  present  themselves  in 
a  less  aggravated  form.     It  is  probable  that  much  of  the  disorder  in  the 
functions  of  the  brain,  which  so  constantly  accompanies  deranged  action  of 
the  digestive  system,  is  due  to  the  less  severe  operation  of  the  same  cause, 
— the  partial  retention  within  the  blood  of  certain  constituents  of  the  bile, 
which  should  have  been  eliminated  from  the  circulating  fluid.     In  such  t 
condition  we  derive  great  benefit  from  the  use  of  mercurial  medicines; 
which  by  stimulating  the  liver  to  increased  action,  cause  the  removal  of 
the  morbific  agent  from  the  blood.     Deficient  secretion  of  the  liver  may  b^ 
recognised  as  the  cause  of  this  and  of  other  diseases,  by  the  paleness  of 
the  alvine  evacuations,  the  diffused  yellowness  of  the  surface  of  the  bodyi 

*  See  Dr.  Guy,  in  Edinb.  Med.  and  Surg.  Journ.  Vols.  lvi.  and  lvii. 
t  This,  at  least,  was  found  to  be  the  case  in  the  only  inslance  in  which  the  liver  wis 
examined  with  sufficient  care. 
t  See  Dr.  Alison  in  KUinburgh  Medical  and  Surgical  Journal,  Vor..  xi.iv.  p.  *'J^- 
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and  the  congestion  of  the  portal  system ;  this  last  results  from  the  same  cause 
as  that  which  stagnates  the  hlood  in  the  lungs  when  there  is  deficient  respi- 
ration (§  548),  and  frequently  occasions  ascites  and  other  disorders  of  the 
contents  of  tlie  abdomen.  An  abnormal  accumulation  of  the  elements  of 
the  bile  in  the  blood  is  habitual  in  some  persons:  and  it  produces  a 
degree  of  indisposition  to  bodily  or  mental  exertion,  which  it  is  difHcult  to 
counteract.  It  may  often  be  recognised  by  the  accumulation  of  dark 
mucus  having  distinctly  the  taste  of  bile,  on  the  surface  of  the  tongue, 
especially  during  the  night ;  this  secretion  being  apparently  eliminated  by 
the  mucous  membrane  of  the  tongue,  when  the  function  of  the  liver  is  not 
duly  performed. 

663.  Much  discussion  has  taken  place  among  Chemists,  in  regard  to  the 
proximate  principles  of  the  Biliary  secretion,  a  great  number  of  analyses 
having  been  made,  amongst  the  results  of  which  there  is  a  great  want  of 
conformity.  The  discrepancies  principally  arise  from  this  source, — that 
the  secretion  is  acted  on  with  great  facility  by  chemical  reagents,  so  that 
many  of  the  component  parts  which  have  been  enumerated  are  not  true 
educt8,  but  are  products  of  the  operations  to  which  the  fluid  has  been  sub- 
jected. The  proportion  of  solid  matter  is  usually  from  0  to  12  per  cent.; 
and  nearly  the  whole  of  this  consists  of  a  substance  peculiar  to  bile,  in 
which  the  oleaginous  character  certainly  predominates.  This  substance 
contains  a  large  proportion  of  carbon  and  hydrogen,  with  litde  or  no  azote. 
We  are  probably  to  distinguish  in  it  two  very  different  compounds.  The 
first  of  these  is  termed  Cholestenne;  it  is  a  white  crystallizable  fatty  matter, 
somewhat  resembling  spermaceti,  free  from  taste  and  odour,  not  soluble  in 
water,  but  dissolving  freely  in  alcohol,  from  which  it  is  deposited  on 
cooling  in  pearly  scales.  It  is  almost  entirely  composed  of  carbon  and 
hydrogen;  its  constitution  being  37  Carbon,  32  Hydrogen,  1  Oxygen. 
This  may  be  pretty  certainly  considered  as  a  real  proximate  element  of  the 
bile,  since  it  frequently  separates  itself,  when  present  in  superabundant 
quantity,  forming  biliary  concretions,  which  are  sometimes  composed  of 
this  alone,  but  more  commonly  contain  a  small  portion  of  resinous  and 
colouring  matter.  Moreover,  it  may  be  obtained  by  a  chemical  process  of 
no  great  complexity  from  the  serum  of  the  blood;  and  it  is  not  unfrequently 
deposited  as  a  result  of  diseased  action  in  other  parts  of  the  body;  especially 
in  the  fluids  of  local  dropsies,  as  hydrocele,  ovarian  dropsy,  &c.  The 
other  substance,  now  termed  Bilin  (formerly  Picromel),  is  that  to  which 
the  peculiar  taste  of  the  bile,  which  is  at  the  same  time  bitter  and  sweet,  is 
due.  According  to  the  account  most  recently  given  of  this  compound,  by 
Berzelius,  it  is  a  translucent,  colourless,  inodorous  mass,  without  crystal- 
lization; it  is  very  soluble  in  water  and  alcohol,  but  insoluble  in  ether.  It 
contains  nitrogen,  and  is  decomposed  by  heat,  with  the  formation  of  am- 
moniacal  products.  Bilin  is  a  readily  alterable  substance;  it  is  decom- 
posed by  acids  into  five  different  substances,  namely,  ammonia,  taurin, 
fellinic  and  cholinic  acids,  and  dyslysin;  and  it  appears  that  this  decom- 
position may  take  place  in  the  bile  of  the  living  body.  The  last  of  these 
products  appears  to  be  that  which  has  been  spoken  of  by  some  Chemists  as 
the  resin  of  the  bile.  The  colouring  matter  of  the  bile  is  now  termed  Bili- 
verdin.  It  contains  no  azote;  and  that  of  the  ox  appears  to  be  identical 
with  the  chlorophyll  of  plants.  When  exposed  to  the  air,  it  becomes  of  a 
deep  green,  absorbing  oxygen;  and  the  same  change  is  produced  by  nitric 
acid,  the  liquor  soon  passing,  however,  to  a  red  hue.  It  frequently  takes 
place  within  the  body,  in  cases  of  jaundice;  but  more  .especially  in  tlie 
urine.     Though  the  colouring  matter  is  usually  present  but  in  small  quan- 
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tity  during  health,  it  sometimes  accumulates  in  disease,  so  as  to  produce 
solid  masses,  which  include  little  else.* 

{A  different  and  very  simple  view  of  the  constitution  of  bile  has  been 
given  by  M.  Demar9ay,  which  sustains  the  idea  of  Cachet,  that  bile  is  a 
species  of  soap.  According  to  this  chemist,  bile  is  a  compound  of  soda 
and  an  oily  acid,  to  which  he  has  given  the  name  of  choleic.  It  is  not,  how- 
ever, a  choleate  of  soda,  which  is  decomposed  by  the  weakest  acids,  whilst 
bile  is  not.  Both  Liebig  and  Dr.  Prout  (on  Stomach  and  Renal  Diseases, 
p.  610,  4th  ed.,  1843)  agree  in  thinking  the  views  of  Demar9ay  as  in 
general  correct,  although  they  admit  that  at  present,  they  are  imperfect-* 
M.  C.| 

664.  The  amount  of  the  secretion  of  Bile  appears  to  bear  some  propo^ 
tion  to  that  of  the  food  digested.     That  its  formation  is  continually  going 
on  to  a  certain  degree,  appears  unquestionable;  but  that  its  quantity  is 
greatly  increased  during  the  solution  of  food  in  the  stomach,  appears  also 
to  be  well  established.     Whether  the  stimulus  to  the  increased  secretion  at 
that  period  is  occasioned  by  an  increased  flow  of  blood,  or  is  propagated 
through  the  nervous  system,  there  is  no  evidence;   the  analogy  of  the 
salivary,  lachrymal,  and  other  secretions  would  indicate  the  latter.    la 
those  animals  which  are  most  constantly  ingesting  food,  we  find  no  gall- 
bladder; for  in  them,  the  bile  may  be  poured  into  the  intesUne  as  fast  as  it 
is  formed.     In  those  which  only  take  food  occasionally,  on  the  other  hand, 
and  which  are  provided  with  a  gall-bladder,  the  bile,  when  not  required  in 
the  intestine,  flows  back  into  that  reservoir.     This  reflux  would  appear 
due  to  the  valve-like  termination  of  the  ductus  communis  in  the  walls  of 
the  intestine,  which  ofl*ers  a  certain  resistance  to  the  entrance  of  the  fluid, 
unless  it  be  propelled  by  some  decided  force.     The  flow  of  bile  into  the 
intestinal  tube,  when  its  action  is  needed  there,  is  commonly  imputed  to 
the  pressure  of  the  distended  duodenum  against  the  gall-bladder;  it  may  be 
doubted,  however,  whether  the  contractile  power  of  the  duct  itself,  does 
not  aflbrd  important  aid  in  the  process;  and  it  is  easy  to  understand,  from 
the  known  influence  of  the  Sympathetic  system  of  nerves  upu>n  it  (§  652), 
that  peristaltic  movements  may  be  excited  at  the  time  when  they  are 
needed.     It  is  an  interesting  fact,  proving  how  completely  the  passage  of 
bile  into  the  intestine  is  dependent  upon  the  presence  of  aliment  in  the 
latter,  that  the  gall-bladder  is  almost  invariably  found  turgid   in  persons 
who  have  died  of  starvation;  the  secretion  formed  at  the  ordinary  slow  rale 
having  gradually  accumulated,  for  want  of  demand.     This  fact  is  important 
in  juridical  inquiries. 

665.  Of  the  operation  of  the  bile  in  the  digestive  process,  enough  has 
already  been  said  (§  442).  No  certain  information  has  yet  been  obtained, 
whether  any  of  the  elements  of  the  bile  itself  are  absorbed  in  the  form  of 
chyle;  or  whether  the  bile  acts  simply  as  a  precipitant,  and  is  altogether 
cast  out  of  the  system,  with  the  useless  portion  of  the  chyme.  There  can 
be  no  question,  however,  that  by  far  the  largest  part  of  the  secretion  i« 
destined  to  be  entirely  thrown  ofl";  and  it  would  seem,  from  the  character 
of  its  proximate  elements,  as  if  it  were  destined  to  remove  from  the  blood  its 
superfluous  hydrocarbon, — whether  this  has  been  absorbed  as  such  fros 
the  aliment,  or  has  been  taken  up  by  the  blood  as  eflete  matter,  during  the 
course  of  the  circulation.  The  presence  of  azote  in  picromel,  howevert 
shows  that  some  of  the  eflfete  azotized  compounds  also  are  got  rid  of  in  this 

*  A  full  account  pf  the  latest  researches  of  Berzelius  on  this  subject  will  be  (oobA 
in  Graham*s  Chemistry,  pp.  1045—9. 
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manner.  It  would  not  seem  improbable,  that  the  liver  acts  towards  the 
absorbed  matters  which  enter  the  blood  by  the  mesenteric  veins,  the  same 
part  which  the  lungs  perform  for  those  which  are  introduced  through  the 
lymphatic  system;  namely  the  affording  an  opportunity  for  the  excretion  of 
superfluous  or  injurious  substances  contained  in  the  absorbed  fluid  before  it 
enters  the  general  current  of  the  circulation.  There  is  every  reason  to  be- 
lieve that  the  conversion  of  chyle  into  blood  is  a  slow  process,  requiring 
the  prolonged  influence  of  the  latter  fluid  upon  the  former;  during  this  in- 
fluence many  chemical  changes  take  place,  which  are  almost  certain  to  be 
attended  with  an  extrication  of  carbon  and  hydrogen,  these  being  the  ingre- 
dients of  which  the  chyle  contains  most  when  compared  with  blood;  and 
for  the  extrication  of  these,  the  lungs  and  liver  afford  ready  means.  Hence 
we  see  why  the  lacteal  system  should  terminate  in  a  venous  trunk  near  the 
heart,  so  that  the  fluid  discharged  by  it  will  proceed  at  once  to  the  lungs; 
^nd  why  the  liver,  wherever  it  has  a  distinct  circulation,  should  receive  the 
blood  from  the  walls  of  the  intestines.*  This  view  derives  interesting  con- 
firmation from  the  experiments  of  Cruveilhier,  on  the  artificial  production 
of  purulent  deposits  by  injection  of  mercury  into  the  veins.  He  found  that, 
when  the  mercury  was  introduced  into  any  part  of  the  general  venous  sys- 
tem, abscesses  in  the  lungs  were  induced,  each  inclosing  a  globule,  the  irri- 
tation occasioned  by  which  was  the  cause  of  the  purulent  deposit  When 
the  mercury  was  introduced  into  one  of  the  intestinal  veins,  on  the  other 
hand,  similar  purulent  deposits  occurred  in  the  liver.  It  is  well-known  that 
abscesses  in  the  lungs  and  liver  are  very  common  sequelae  of  wounds  of  the 
head,  and  of  surgical  operations,  especially  those  involving  bones;  and  there 
seems  good  reason  to  believe,  that  in  such  cases  pus  is  actually  carried  along 
with  the  current  of  blood  into  the  lungs  and  liver;  and  that,  like  the  globules 
of  mercury,  not  being  susceptible  of  elimination  by  these  two  great  emunc- 
tories,  it  acts  as  a  disturbing  cause,  and  occasions  disease  in  their  tissue. 
The  fact  that  a  considerable  amount  of  copper  may  be  detected  in  the  sub- 
stance of  the  liver,  after  the  prolonged  introduction  of  its  salts  into  the  sys- 
tem, seems  to  add  weight  to  this  view  of  its  function.  It  is  yet  to  be  ascer- 
tained, however,  why  some  substances  should  be  arrested  in  this  organ, 
whilst  others  are  allowed  to  pass. 

The  Kidneys. — Secretion  of  Urine. 

666.  The  kidneys  cannot  be  regarded  as  inferior  in  importance  to  the 
Liver,  when  considered  merely  as  excreting  organs:  but  their  function 
only  consists  in  separating  from  the  blood  certain  eflete  substances  which 
are  to  be  thrown  off*  from  it;  and  has  no  direct  connection  with  any  of  the 
nutritive  operations  concerned  in  the  introduction  of  aliment  into  the  sys- 
tem. Organs  destined  to  the  elaboration  of  a  urinary  secretion  may  be 
traced  very  low  down  in  the  Animal  scale.  Among  many  of  the  Mollusca 
we  find  a  small  sac,  filled  with  a  semi-fluid  secretion  which  has  been  shown 
to  contain  uric  acid,  opening  into  the  intestine  near  its  anal  orifice.  In 
Insects,  we  often  meet  with  prolonged  tubes,  resembling  the  biliary  ves- 
sels in  form,  and  terminating  in  the  same  situation;  in  some  species  these 
are  dilated  near  their  extremity  into  a  receptacle  for  their  secretion,  or  a 
urinary  bladder.     Throughout  the  Vertebrated  classes  they  exist  in  a  still 

*  Among  the  Mollusca,  the  chyle  is  absorbed  by  the  mesenteric  veins,  there  being 
no  separate  lacteal  system.    These  veins,  instead  of  returning  to  the  heart  through 
the  liver,  terminate  in  the  branchial  vessels;  and  the  process  of  depuration  is  effected 
by  the  gills.    Their  liver  is  supplied  only  by  the  hepatic  artery. 
66 
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more  evident  form.  Tliey  are  Dnifonnly  compoted  of  a  congeriet  o( 
prolonged  lubes,  iiib-dividing  and  Tamifying  more  or  less,  which  spring 
from  the  ureler  or  eflereul  duct,  and  lerminale  either  in  blind  extreiaitiet, 
or  in  a  plexus  formed  by  their  inosculation.  There  are  considerable  ri- 
Fig.  G7.  Fig.  68. 


A.  Naiurxl  liifl;  a,  a,  Corpor«  Malplghiuii 
u  illsppnal  poinu  In  ths  conlul  aubiuiKf : 
b,  pApilU.  Dr  AinuUerpannuf  iUfiid;Bt«i 
Curpvra  Milplghluu;  i,  lubull  unillai. 
(iftn  Wiener.) 
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riationa  in  the  arrangement  of  these  tubes,  however,  in  different  tiibet 
of  animals.  In  Fiahea,  the  Kidneys  very  commonly  extend  the  nhole 
lengih  of  the  abdomen;  and  diey  consist  of  tufts  of  uniform-sized  tubulcf. 
which  shoot  out  transversely  at  intervals  from  the  long  ureter.  These  tubn 
frequently  divide  into  pairs,  but  without  any  great  alteration  in  their  diame- 
ter. They  appear  to  terminate  in  ececal  extremities,  without  any  inoscnlt- 
lion;  the  number  of  bifurcations,  and  the  degree  of  convolution,  vary  greitly 
in  different  species.  The  uriniferoua  tubes  are  connected  together  by  a  veiy 
loose  cellular  web.  The  structure  of  the  gland  in  Reptiles  appears  lo  be 
eascniially  the  same;  ita  form,  however,  variea  conaiderably  in  the  diflereot 
tribes,  being  greatly  prolonged  in  the  Serpen  ta,  and  abbreviated  in  Torloiw*. 
In  the  Crocodile,  the  distinction  between  the  cortical  and  medullary  portioo 
begins  to  sliow  itself;  the  tubes  being  nearly  straight  where  they  issue  from 
the  ureler,  and  being  convoluted  near  the  surface  only  of  the  lobes.  The 
Corpora  Malpighinna  (§  667),  however,  where  ihey  esisl  in  this  class, «« 
scattered  through  the  whole  substance;  not  being  confined,  as  in  higher  mi- 
mals,  to  llie  cortical  ponion.  In  Birds,  the  urinary  tobea,  forming  the  se»^ 
ral  clusters,  are  more  closely  united  together;  they  frequendy  ramify  lo  > 
considerable  degree.  In  the  Mammalia,  as  in  Man,  there  is  an  evident  dis- 
tinction between  the  airaight  and  the  convoluted  portions  of  the  system  of 
tubes;  the  former  charaeior  is  seen  in  the  medulfary  substance;  the  latter  in  *' 
cortical.  In  nearly  all  below  the  Mammalia,  the  kidneys  present  extenwilf 
a  lobulaled  aspect,  resulling  from  the  want  of  uoion  between  the  diSereai 
bundles  of  tubea,  which  arise  from  separate  parts  of  the  ureter.  Id  the  kid- 
ney of  the  Mammalia,  however,  the  ureler  dUales  into  a  capacious  reeep- 
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tacle,  towards  which  the  several  bandies  of  uriniferous  tuber!  conrerge,  so 
that  they  open  into  it  in  close  proximity  with  each  other;  and  the  lobules 
formed  by  these  bundles  are  bo  closely  brought  together,  that  no  appearance 
of  a  division  presents  itself,  until  a  section  of  the  gland  is  made.  Among 
Fig.  69. 
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some  Mammalia,  however,  the  lower  form  is  still  retained;  and  it  is  pre- 
sented in  the  Human  species  also,  at  an  early  period  of  its  foetal  developmeoL 
667.  The  distinction  between  the  cortical  and  medullary  parts  of  the 
Kidney  essentially  consists  in  this, — that  the  former  is  by  far  the  most 
vascular,  and  the  plexus  formed  by  the  tubuli  uriniferi  seems  to  come  into 
the  closest  relation  with  that  of  the  sanguiferous  capillaries,  so  that  it  is 
probably  the  seat  of  the  greater  part  of  the  process  of  secretion;  whilst  the 
latter  is  principally  composed  of  tubes  passing  in  a  straight  line  from  the 
former  towards  their  point  of  entrance  into  the  ureter.  In  this  respect  there 
is  a  considerable  analogy  of  structure  and  comparative  function,  between 
the  two  parts  of  the  kidney  and  the  two  parts  of  the  brain.  The  adjoined 
figure  (68)  represents  the  appearances  presented  by  a  portion  of  an  injected 
kidney,  as  seen  by  the  naked  eye,  and  under  a  low  magnifying  power. 
The  tubuli  uriniferi,  in  passing  outward  from  the  calices,  increase  in  number 
by  divarication,  to  a  considerable  extent,  as  shown  in  Fig.  69;  but  their 
diameter  remains  the  same.  When  they  arrive  in  the  cortical  substance, 
their  previously  straight  direction  is  departed  from,  and  they  become  much 
convoluted.  The  closeness  of  the  texture  formed  by  their  interlacement 
with  the  blood-vessels  renders  it  difHcult  to  obtain  a  clear  view  of  their 
mode  of  termination.  There  seems  no  doubt,  however,  that  they  inosculate 
with  each  other,  forming  a  plexus,  with  a  free  extremity  here  and  there; 
but  the  number  of  these  free  or  ccecal  extremities  does  not  appear  to  be 
nearly  equal  to  that  of  the  urinifcrous  tubes  themselves.  Scattered  through 
the  plexus  formed  by  the  blood-vessels  and  uriniferous  tubes,  a  number  of 
little  dark  points  may  be  seen  with  the  naked  eye,  to  which  the  designation 
of  Corpora  Malpighiana  has  been  given,  after  the  name  of  their  discoverer. 
Each  one  of  these,  when  examined  with  a  high  magnifying  power,  is  found 
to  consist  of  a  convoluted  mass  of  minute  blood-vessels,  somewhat  resem- 
bling the  convolute  masses  of  absorbents  termed  lymphatic  glands.  It  was 
at  one  time  supposed,  that  the  uriniferous  tubes  have  their  origin  in  them, 
but  the  careful  examinations  of  Miiller  and  Huschke  have  clearly  proved, 
that  the  vascular  bodies  have  no  direct  connection  with  tliat  system,  being 
only  capable  of  injection  from  the  arteries  or  veins.  Of  their  use  nothing 
whatever  is  certainly  known;  it  is  evident,  however,  that  they  must  hafs 
some  special  function,  since  they  are  found  in  the  kidneys  of  neaiiy  all 
vertebrated  animals.  « 

668.  The  walls  of  the  tubuli  uriniferi  are  evi- 
Fig.  70.               dently   the  parts   in  which  the  secretion   takes 

place.  When  one  of  the  ccecal  extremities  is  ex- 
amined with  a  high  power,  its  mucous  membrane 
is  found  to  be  covered  with  a  layer  of  nucleated 
cells,  forming  an  epithelium. 

669.  The  cmbryological  development  of  the 
Urinary  organs  in  Vertebrated  animals  is  a  subject 
of  peculiar  interest,  owing  to  the  correspondence 
which  may  be  traced  between  the  transitory  forms 
they  present  in  the  higher  classes,  and  their  pe^ 
manent  condition  in  the  lower.  In  this  respect 
there  is  an  evident  analogy  with  the  Respiratory 

Extrpmityofone  of  the  tubuli  System;  and  it  may  be  remarked  that  the  analogy 
uriniferi,  from  Uie  kidney  of  an  does  not  ccase  here.  ^  Both  the  Urinary  and  the 
S:M^»"ffirio  DiISl:  Pulmonary  organs  are  destined  to  excrete  the  pro- 
(After  Wagner.)  ducts  of  decomposition,  United  in  their  simplest 

forms  of  combination;— -carbon  and  oxygen  being 
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(hrown  off  from  the  lunge  or  gills,  in  the  form  of  carbonic  acid; — and  carbon 
and  nitrogen  from  the  kidneys,  in  the  form  of  cyanogen,  which  unites  with 
oxygen  to  produce  cyanic  acid,  and  this  combines  with  ammoaia  (a  com- 
pound of  nitrogen  and  hydrogen)  to  form  urea,  the  ch^iracterisllc  element  of 
the  urinary  excretion.  Boih  organs,  moreover,  have  the  imporlani  function 
of  getting  rid  of  the  euperfiuous  fluid  of  the  body.  Again,  it  is  an  iotereating 
fact  thai,  in  the  Holothuria  and  other  animals  of  its  type,  the  respiration  is 
performed  by  the  introduction  of  water  ihiough  a  system  of  branching 
tobes,  that  extend  from  the  cloaca  into  the  interior  of  the  body;  this  system 
of  tubes,  considered  in  regard  to  its  structure  and  position,  is  evidendy 
knalogous  to  the  urinary  apparatus  of  higher  animals.  The  first  appearance 
of  any  thiug  resembling  a  urinary  apparatus  in  the  chtck,  is  seen  on  the 
second  half  of  the  ihird  day.  The  form  at  that  time  presented  by  it  is  that 
of  a  long  canal,  extending  on  each  side  of  the  spinal  column  from  the  region 
of  the  heart  towards  the  alianlois;  and  the  sides  of  this  present  a  series  of  ele- 
vations and  depressions,  indicative  of  the  commencing  development  of  cceoa. 
On  the  fourth  day,  the  Corpora  Wolffiana,  as  they  then  are  termed,  are 
distinctly  recognized,  as  composed  of  a  series  of  ctecal  appendages,  which 
are  attached  along  the  whole  course  of  the  first- mentioned  canal,  opening 
into  its  outer  side.  On  the  fifih  day,  these  appendages  are  coDvoluted; 
and  the  body  which  Ihey  form  acquires  increased  breadth  and  thickness. 
They  evidently  (hen  possess  a  secreting  function;  and  the  fluid  which  they 
separate  is  poured  by  the  long  straight  canal  into  the  cloaca.  Between 
Iheir  component  shut  sacs,  numbers  of  small  points  appear,  which  consist 
of  little  clusters  of  convoluted  vessels,  exactly  analogous  to  the  Corpora 
Malpighiana  of  the  kidney. 

670.  The  Corpora  WoliEana,  however,  have  only  a  temporary  existence 
in  the  higher  Vertebrata;  although  it  seems  that,  in  Fishes,  they  constitute 
the  permanent  kidney.*    The  development  of  the  tr 
ia  the  chick  about  the  fifth  day.     They  are  seen  i 
grayish  masses,  which  sprout  from    the  outer 
edges  of  the  Wolffian  bodies;  and  ihey  gradually 
increase,  the  temporary  organs  diminishmg  m 
the  same  proportion.     The  sexual  organs    as 
will  be  hereafter  explained  f  §  699),  also  origmate 
in  the  Wolffian  bodies;  and  at  the  end  of  ftetal 
life,  the  only  vestige  of  the  latter  is  to  be  found 
as  a  shrunk  rudiment  situated  near  the  testes  of 
the  male.    The  progress  of  development  in  the 
Human  embryo  seems  closely  conformable  to 
the  foregoing   account.     The   Wolffian  bodies 
begin  to  appear  towards  the  end   of  the  first 
month;  and  it  is  in  the  course  of  the  seventh 
week  that  the  true  kidneys  first  present  them- 
selves.    From  the  beginninij  of  the  third  month, 
the  diminution  in  the  size  of  the  Wolffian  bodies 
goes  on  pari  pasiu  with  the  increase  of  the  kid- 
neys; and  at  the  time  of  birth  scarcely  any  traces  o;  .,„uo,i  <>, «,  ocu 
of  them  can  be  found.     At  the  end  of  the  third  Waifflanum;  d,  <u  aicnuiT  ducu 
month,  the  kidneys  consist  of  seven  or  eight   *•  ■•  ""'"^l";  "  *■  ramcBii  «• 
lobes,  the  future  pyramids;  iheir  excretory  ducts 
still  terminate  in  the  same  canal  which  receives  those  of  the  Wolffian  bodies 

•  See  Principles  of  Qeneral  and  Comparative  PbysiologTi  *  C^- 
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and  of  the  sexual  organs;  and  this  opens,  with  the  rectunif  into  a  sort  of 
cloaca,  or  sinus  urogenitalis,  analogous  to  that  which  is  permanent  in  the 
oviparous  Vertebrata.     The  kidneys  are  at  this  time  covered  by  the  supra- 
renal capsules,  which  are  very  large;  about  the  sixth  month,  however,  these 
have  decreased,  whilst  the  kidneys  have  increased,  so  that  their  propor- 
tional weight  is  as  1  to  2|.     At  birth,  the  weight  of  the  kidneys  is  about 
three  times  that  of  the  supra-renal  capsules,  and  they  bear  to  the  whole 
body  the  proportion  of  1  to  80:  in  the  adult,  however,  they  are  no  mors 
than  1  to  240.    The  Corpora  Wolfliana  are,  when  at  their  greatest  develop- 
ment, the  most  vascular  parts  of  the  body  next  to  the  liver;  four  or  five 
branches  from  the  aorta  are  distributed  to  each,  and  two  veins  are  returned 
from  each  to  the  vena  cava.    The  upper  veins  and  their  corresponding  arte- 
ries are  converted  into  the  renal  or  emulgent  vessels;  and  the  lower  into 
spermatic  vessels.     The  lobulated  appearance  of  the  kidney  gradually  dis- 
appears; partly  in  consequence  of  the  condensation  of  the  cellular  tissue 
which  connects  the  different  parts,  and  partly  through  the  development  of 
additional  tubuli  in  the  interstices.     The  urinary  bladder  is  formed  quite 
independently  of  the  secreting  apparatus,  being  a  part  of  the  aUantau^ 
which  is  first  developed  as  a  large  cGBCum  or  diverticulum  from  the  lower 
extremity  of  the  alimentary  canal  (Chap.  xiv).    The  part  of  the  tube  below 
this  forms  the  cloaca,  or  common  termination  of  the  intestinal  and  vesical 
apparatus.     The  sides  of  this  cloaca,  however,  gradually  approach  one 
another,  so  as  to  form  a  transverse  partition,  which  separates  the  rectum 
from  the  gcnito-urinary  canal;  and  the  urethra  of  the  female  is  afterwards 
separated  from  the  vagina  by  a  similar  process. 

671.  The  nature  and  purposes  of  the  Urinary  secretion,  and  the  altera- 
tions which  it  is  liable  to  undergo  in  various  conditions  of  the  system,  aie 
much  better  understood  than  are  those  of  the  Bile;  this  is  owing,  in  great 
part,  to  the  circumstance,  that  it  may  be  readily  collected  in  a  state  of 
purity,  and  that  its  ingredients  are  of  such  a  nature  as  to  be  easily  and 
definilely  separated  from  each  other  by  simple  chemical  means.    There  can 
be  no  doubt  that  the  chief  purpose  of  this  excretion,  is  to  remove  from  the 
system  the  effete  azotized  matters  which  the  blood  takes  up  in  the  course 
of  the  circulation,  or  which  may  have  been  produced  by  changes  occurring 
in  itself.     This  is  evident  from  the  large  proportion  of  nitrogen  which  ia 
contained  in  the  solid  matter  dissolved  in  it;  and  from  the  crystalline  form 
presented  by  this  solid  matter  when  separated, — ^a  form  which  indicates 
that  its  stale  of  combination  is  such  as  to  prevent  it  from  conducing  to  the 
nutrition  of  the  system.     The  injurious  effects  of  the  retention  in  the  blood 
of  the  components  of  the  urinary  secretion,  are  fully  demonstrated  by  the 
results  of  its  cessation;  whether  this  be  made  to  take  place  experimentally 
(as  by  lying  the  renal  artery),  or  be  the  consequence  of  a  disordered  con- 
dition of  the  kidney.     Symptoms  of  great  disorder  of  the  nervous  centres, 
analogous  to  those  produced  by  many  narcotic  poisons,  soon  exhibit  then- 
selves;  and  the  patient  dies  comatose,  if  the  secretion  be  not  restored.    In 
such  cases,  urea  (the  characteristic  ingredient  of  the  urine)  is  found  to  hare 
accumulated  in  the  blood;  and  it  may  even  be  detected  by  the  smell,  in  the 
fluid  effused  into  the  ventricles  of  the  brain.     The  conclusion  which  may 
be  drawn  from  this  circumstance,  regarding  the  pre-existence  in  the  blood 
of  the  components  of  the  secretion,  is  strengthened  by  the  fact  that,  even  in 
the  healthy  state,  urea  may  be  detected  in  the  blood;  it  only  exists  there 
normally,  however,  in  very  small  quantity;  but,  when  there  is  any  impedi- 
ment to  its  excretion,  it  goes  on  accumulating,  and  produces  consequences 
more  or  less  serious  in  proportion  to  its  amount.    It  is  not  probable  tbatt 


SECRETION  OF  URINE. 


519 


as  in  the  case  of  the  retention  of  bile  in  the  blood  (§  662),  many  of  the  minor 
as  well  as  of  the  severer  forms  of  sympathetic  disturbance,  connected  with 
disordered  secretion  from  the  kidney,  are  due  to  the  directly  poisonous 
operation  of  the  elements  of  the  urine,  upon  the  several  organs  whose 
function  is  disturbed. 

672.  In  order  to  form  a  correct  opinion  of  the  state  of  the  urinary  secre- 
tion in  morbid  conditions  of  the  system,  it  is  desirable  to  be  acquainted 
with  every  leading  particular  regarding  its  healthy  characters.  The  average 
quantity  during  24  hours,  has  been  variously  estimated;  it  differs,  of 
course,  with  the  amount  of  fluid  ingested;  and  it  is  influenced  also  by  the 
external  temperature, — a  much  smaller  amount  of  the  superfluous  fluid  of 
the  body  being  set  free  from  the  skin  in  winter  than  in  summer,  and  a 
larger  proportion  being  carried  off  by  the  kidneys.  Probably  we  shall  be 
pretty  near  the  truth,  in  estimating  the  amount  at  about  30  oz.  in  summer, 
to  40  oz.  in  winter,  for  a  person  who  does  not  drink  more  than  the  simple 
wants  of  nature  require.  The  specific  gravity  comes  to  be  a  very  impor- 
tant character,  in  various  morbid  conditions  of  the  urine:  and  it  is  therefore 
desirable  to  estimate  it  correctly.  This  also  is,  of  course,  liable  to  the 
same  causes  of  variation;  since,  when  the  same  amount  of  solid  matter  is 
dissolved  in  a  larger  or  smaller  quantity  of  water,  the  specific  gravity  will 
be  proportionably  lower  or  higher.  From  long  and  repeated  attention  to 
this  subject.  Dr.  Prout  is  satisfied  that  the  standard  specific  gravity  of  the 
urine  of  a  healthy  person  in  the  prime  of  life,  during  the  whole  year  in 
this  country,  is  something  less  than  1020,  ranging  from  about  1015  in  the 
winter  to  1025  in  the  summer.  The  following  analysis  of  healthy  urine, 
by  Berzelius,  is  regarded  by  Dr.  Prout  as  correctly  representing  its  com- 
ponents. 
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673.  The  most  important  of  all  these  ingredients  is  evidenUy  that 
which,  from  its  being  supposed  to  be  the  principal  cause  of  the  charac- 
teristic properties  of  the  urine,  is  termed  Urea.  This  may  be  readily 
separated  from  urine,  in  the  form  of  transparent  colourless  crystals,  which 
have  a  faint  and  peculiar  but  not  urinous  odour.  It  is  very  soluble  in 
water,  and  combines  with  acids  without  neutralizing  them:  in  the  human 
urine  it  is  believed  to  exist  in  the  state  of  a  lactate ;  whilst  in  the  urine  of 
herbivorous  animals  it  is  combined  with  hippuric  acid.  In  its  chemical 
composition,  it  is  identical  with  cyanate  of  ammonia;  and  its  composition 
is  2  Carbon,  4  Hydrogen,  2  Nitrogen,  and  2  Oxygen, — a  formula  much 


Minimum. 

Mean. 

357*51  grs. 

433*13  grs. 

610-36  gn. 

153.25 

295-15 

437*06 

61-08 

125-22 

295-15 

161-78 

207-99 

254-20 

57-28 

69-55 

81-83 

520  OF  SECRETION. 

more  simple  than  that  of  almost  any  other  organic  substance.  The  amount 
of  urea  excreted  in  twenty-four  hours  has  been  made  the  sabject  of  examinar 
tion  by  Lecanu;*  and  the  following  are  its  results,  as  deduced  from  a  seiief 
of  120  analyses. 


By  men    .... 

By  women 

By  old  men  (84  to  86  years) 
By  children  of  eight  years  . 
Bv  children  of  four  years   . 

It  is  very  interesting  to  perceive,  in  this  table,  how  large  an  amount  of  uei 
is  excreted  by  children;  and  how  small  a  quantity,  in  proportion  to  thdr 
bulk,  by  old  men.  This  corresponds  precisely  with  the  rapidity  o(  iDta>- 
stitial  change  at  different  periods  of  life.  (See  §  646.)  Urea  is  regarded  hj 
Dr.  Prout  as  chiefly  derived  from  the  decomposition  of  the  gelatinous  tis- 
sues; but  there  seems  no  valid  reason  thus  to  limit  the  mode  of  its  prodDCtioi. 

674.  The  next  important  ingredient,  Lithic  or  Uric  Acid,  has  not  beet 
proved  to  exist  in  the  blood ;  but  it  is  an  invariable  constituent  of  healthy 
urine,  in  which  it  exists  in  solution  at  all  ordinary  temperatures.  Accord- 
ing to  Dr.  Prout,  however,  this  acid  is  not  free,  but  is  ordinarily  combined 
with  ammonia ;  and  the  reddening  of  litmus  paper  by  urine  is  not  alMH 
gether  due  to  it  (as  commonly  supposed),  but  also  to  the  superphosphate 
of  ammonia,  which  is  also  present  in  the  urine.  Pure  lithic  acid  ie  so 
sparingly  soluble  in  water,  that  at  least  ten  thousand  times  its  own  weight 
is  required  to  dissolve  it.  Amongst  other  proofs  that  lithic  acid  does  BOt 
exist  free  in  urine,  is  this  important  one, — that  it  is  precipitated  immediately 
on  the  addition  of  a  small  quantity  of  any  acid,  even  the  carbonic;  henee, 
if  a  free  or  imperfectly-neulralized  acid  exist  in  the  urine,  lithic  acid  will  be 
thrown  down  as  gravel,  even  though  it  is  not  itself  present  in  undue  pro- 
portion. It  is  believed  by  Dr.  Prout,  that  lactic  acid,  secreted  in  excess,  is 
the  ordinary  source  of  this  deposit.  The  ultimate  elements  of  Uric  acid  are 
10  Carbon,  4  Hydrogen,  4  Nitrogen,  and  6  Oxygen;  it  is  considered  bj 
Liebig  to  contain  urea  ready  formed,  as  will  be  presently  shown. 

675.  Many  remarkable  changes  are  effected  in  Lithic  acid  by  the  opera- 
tion of  other  chemical  agents;  and  these  changes  are  very  important  in 
their  bearing  on  pathological  conditions  of  the  urine.  The  first  that  will  be 
noticed  is  that  which  gives  rise  to  the  peculiar  compound  termed  w9//aii/otn« 
which  naturally  exists  in  the  fluid  of  the  allantois  of  the  cow,  having  been 
secreted  by  the  foetus.  This  may  be  formed  artificially  by  boiling  uric  tcid 
with  peroxide  of  lead,  from  which  process  there  result  an  oxalate  of  the 
protoxide  of  lead,  urea,  and  allantoin;  the  composition  of  which  lait 
substance  is  very  different  from  that  of  urea  or  uric  acid,  being  8  Carbon,  5 
Hydrogen,  4  Nitrogen,  and  5  Oxygen.  Upon  this  reaction,  Liebig  fonndi 
the  opinion  that  uric  acid  consists  of  urea  in  combination  with  a  hypothetic 
acid  analogous  to  the  oxalic,  but  having  cyanogen  substituted  for  its  caiboO' 
By  the  operation  of  nitric  acid  upon  uric  acid  several  new  products  iiv 
generated,  some  of  which  are  of  much  practical  interest.  To  one  of  the* 
the  name  of  Murexid  has  been  given,  on  account  of  its  reddish  purple 
colour  (resembling  that  of  the  Tyrian  dye  which  was  obtained  from  > . 
species  of  Murex);  this  is  a  crystalline  substance,  sparingly  soluble  in  eoi<l 

♦  Journal  de  Pharmacie,  Tom.  xxv. 
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water,  but  copiously  soluble  in  warm,  imparting  to  it  its  vivid  colour.  By 
Dr.  Prout  it  was  long  since  described  as  consisting  of  a  peculiar  acid,  the 
purpuric,  in  combination  with  ammonia;  this  view  of  its  composition  is  not 
generally  received  by  German  Chemists;  but  it  has  lately  been  supported 
by  Fritzsche,  who  has  shown  the  real  existence  of  the  acid  by  obtaining 
purpurates  of  other  bases.  This  substance  is  one  source  of  the  colours  of 
the  pink  and  lateritious  sediments,  which  so  often  present  themselves  in  the 
urine:  these  hues  partly  depend,  however,  on  the  influence  of  nitric  acid 
upon  the  peculiar  colouring  principles  of  the  urine,  the  nature  of  which 
principles  is  not  yet  fully  understood.  Dr.  Prout  considers  that  they  have 
an  intimate  relation  to  lithic  acid  on  the  one  hand,  and  to  the  colouring 
matter  of  the  bile  on  the  other. 

676.  Although  the  proportion  of  Lactic  acid  in  healthy  urine  cannot  be 
exactly  specified,  there  is  reason  to  believe  that  it  is  considerable.  This 
substance  may  be  referred  to  the  class  of  saccharine  principles,  being 
obtainable  from  them  (as  from  milk,  beet-root,  &c.)  by  fermentation.  It  is 
considered  by  Dr.  Prout  to  result,  like  urea,  from  the  decomposition  of  the 
gelatinous  parts  of  the  system;  according  to  Berzelius,  however,  it  is  a 
general  product  of  the  spontaneous  decomposition  of  animal  matters  within 
Uie  body.  Its  existence  in  the  blood  cannot  be  clearly  demonstrated; 
although  there  is  reason  to  believe  that  it  is  present  in  that  fluid,  in  combi- 
nation with  alkaline  bases.  The  relation  of  lactic  acid  to  sugar,  and  its 
influence  in  precipitating  lithic  acid,  are  interesting  when  considered  in 
reference  to  the  fact  of  the  frequent  deposit  of  lithic  acid  gravel  in  diabetic 
urine.  When  this  occurs,  it  may  be  considered  a  favourable  symptom; 
since  it  shows  that  an  unnatural  product,  sugar,  has  given  way,  in  some 
degree,  to  a  natural  one,  lactic  acid.  On  the  other  hand,  the  appearance  of 
sugar  in  urine  affording  lithic  acid  deposits,  is  an  unfavourable  symptom; 
showing  that  a  natural  product,  lactate  of  urea,  has  given  way  to  an  unnatural 
one,  saccharate  of  urea.  The  frequency  of  lithic  acid  deposit  in  conjunction 
with  slight  disorders  of  the  digestive  system,  is  well  explained  by  the 
tendency  of  such  disorders  to  occasion  mal-assimilation  of  the  saccharine 
principle,  in  which  lactic  acid  will  be  produced. 

677.  In  regard  to  the  compounds  of  phosphoric  and  sulphuric  acids 
existing  in  the  urine,  it  is  interesting  to  remark,  that  these  acids  do  not  exist 
as  such  in  the  blood;  but  that  their  bases  only — sulphur  and  phosphorus-^— 
can  be  traced,  and  these  in  union  with  its  organic  constituents.  Muriatic 
acid,  on  the  other  hand,  exists  in  the  blood  in  combination  with  soda  and 
potash;  and  its  salts  appear  to  pass  through  the  kidneys  unchanged.  The 
bases  with  which  the  phosphoric  and  sulphuric  acids  are  combined  in  the 
urine, — namely,  potash,  soda,  ammonia,  lime,  and  magnesia, — are  for  the 
most  part  uncombined  with  acids  in  the  blood,  but  form  incidental  elements 
of  various  organic  compounds,  from  which  they  can  be  only  obtained  by 
incineration.  Hence,  as  Dr.  Prout  justly  observes,  the  number  of  oxidzied 
and  acidified  principles  found  in  the  urine  is  very  remarkable,  and  places 
tlie  function  of  the  kidneys  in  a  striking  point  of  view,  more  especially 
when  compared  with  that  of  the  liver,  of  which  the  secretion  is  alkaline, 
and  deficient  in  oxygenized  compounds.  The  following  table  is  given  by 
Dr.  Prout  as  exhibiting  a  contrasted  view  of  the  relations  between  the 
principles  of  the  blood,  and  the  principles  of  the  bile  and  of  the  urine, 
formed  either  mediately  or  immediately  from  the  blood.  This  table  is 
intended  to  represent  the  phenomena  as  they  generally  take  place,  and  not 
as  they  may^  and  perhaps  do,  in  some  instances,  take  place; — in  other 
words,  the  law  and  not  the  exception.     The  analogical  relations  in  compo- 
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sition  among  albumen,  gelatine,  urea,  lithic  acid,  lactic  acid,  sugar,  oxalic 
acid,  <&;c.,  are  such,  that  sugar  and  oxalic  acid  (for  instance)  may  be  formed 
from  lithic  acid  as  well  as  from  urea.  There  is  greater  difficulty  in 
supposing  that  sugar  or  lactic  acid  may  be  directly  formed  from  gelatine,  or 
that  lithic  acid  may  be  directly  formed  from  albumen;  and  yet  there  is  reason 
to  believe  that  these  and  many  more  anomalous  conversions  may  take  place. 

678.  The  amount  of  azotized  matter  in  the  urine  is  greatly  influenced  by 
the  nature  of  the  food  ingested,  whilst  the  constitution  of  the  animal  frame 
remains  nearly  the  same;  hence  it  appears  that  a  large  portion  of  it  must 
be  derived  from  the  unassimilated  materials  which  have  been  taken  into  the 
blood,  and  which,  being  superfluous,  are  injurious.  From  the  experiments 
of  Chossat  it  appeared,  that  each  ounce  of  dry  farinaceous  food  produced 
from  16  to  19  grains  of  solid  matter;  whilst  each  ounce  of  dry  albumen 
produced  73  grains;  and  each  ounce  of  dry  fibrin,  76  grains.  He  calcu- 
lated that  If  of  all  the  azote  ingested  with  the  food  was  discharged  by  the 
kidney;  but  this  estimate  was  probably  too  high.  In  herbivorous  animals, 
again,  the  proportion  of  urea  and  uric  acid  is  constantly  less  than  in  carni- 
vorous. Hence  we  see  the  importance  of  strict  adherence  to  a  farinaceous 
diet,  when  there  is  an  excessive  tendency  to  the  production  of  these  com- 
pounds. Uric  acid  is  replaced  in  some  herbivorous  animals  by  the  hippuric 
(containing  a  comparatively  small  proportion  of  nitrogen),  the  compounds 
of  which  are  much  more  soluble  than  those  of  the  former;  and  as  the  latter 
are  produced  by  the  action  of  benzoic  acid  upon  the  urates,  it  has  been  pro- 
posed to  exhibit  this,  in  order  to  prevent  the  deposition  of  gouty  concre- 
tions, and  even  to  cause  them  to  be  redissolved.  This  plan  is  stated  to  have 
been  attended  with  success.*  The  fact  of  the  pre-existence  of  the  chief  con- 
stituents of  urine  in  the  blood,  is  important  as  explaining  the  facility  with 
which  the  secreting  function  appears  to  be  transferred  to  other  membranes, 
in  some  of  the  cases  in  which  the  kidney  does  not  perform  its  function. 
Doubtless  there  has  been  much  error  on  this  subject,  arising  out  of  decep- 
tions practised  by  impostors;  but  a  sufficient  number  of  indubitably  genuine 
cases  are  on  record,  to  put  it  beyond  doubt  that  such  transferences  have 
taken  place, — ^urinous  fluid  being  secreted  from  the  stomach,  mammee,  um- 
bilicus, nose,  &c.t 

679.  The  facility  with  which  substances  taken  into  the  current  of  the  cir- 
culation pass  into  the  urinary  secretion,  varies  extremely;  and  no  general 
law  can  be  stated  in  regard  to  it.  It  appears  from  Woehler*s  elaborate 
researches  on  this  subject,  that  the  salts  which  are  most  readily  excreted  are 
those  which  excite  the  action  of  the  kidneys.}  The  rapidity  with  which 
absorption  and  elimination  take  place  is  often  extremely  remarkable;  prus- 
siate  of  potash  has  been  detected  in  the  urine  within  two  minutes  after  it  had 
been  introduced  into  the  stomach.  For  the  transit  of  the  peculiar  principles 
of  vegetables,  however,  it  appears  that  from  one  to  two  hours  are  usually 
required.  The  effect  of  oil  of  turpentine,  a  d  probably  of  other  volatile 
agents,  is  produced  much  more  rapidly;  the  haracteristic  odour  of  violets 
being  perceptible  in  the  urine  passed  but  a  few  minutes  after  the  vapour  of 
the  oil  had  been  received  into  the  lungs. 

Mammary  Gland. — Secretion  of  Milk, 

680.  The  stmcture  of  the  Mammary  Gland,  which  has  been  recently 

♦  Dr.  Alex.  Ure,  in  Medico-Chinir^ical  Transactions,  Vol.  xxiv. 
t  For  a  scientific  explanation  of  this  fact,  see  Princ.  of  Gen.  and  Comp.  Phys.  S 
539. 
tSce  Mailer's  Physiology,  p.  OMO. 
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of  their  divisions.  Ii  is  vtty  rarely,  however,  ihat  ihey  inoBculale.  The 
mammary  iIurIs  are  composed  of  a  fibrous  coal  lined  by  a  mucous  mem- 
brane; ihe  latler  is  highly  vascular,  and  forms  a  secreiion  of  Its  own,  which 
someiimes  collects  in  considerable  quantity  when  the  milk  ceases  to  be 
produced. 

661.  The  gland  iiself  is  composed  of  the  union  of  a  number  of  glandules, 
which  are  connected  by  means  of  ibe  fibrous  or  fascial  tissue  of  ihe  gland; 
it  is  between  these  that  the  mammary  tubes  may  be  observed  to  ramify,  and 
from  them  their  branches  spring.  When  the  glandules  are  filled  with  injec- 
tion, and  for  a  long  lime  macerated  in  water  and  unravelled,  they  are  found 
10  be  disposed  inlobuli;  and  when  a  branch  of  a  mammary  lube  is  separated, 
with  Ihe  glandules  attached,  (he  pan  appears  like  a  bunch  of  fruit  hanging 
by  lis  stalk.  When  the  lactirerous  tube  proceeding  from  a  glandule  is  mi- 
nutely injected,  the  latter  will  be  found  to  be  composed  of  numerous  cells, 
in  which  the  ultimate  ramiScations  or  the  former  icr  ' 
nale.  Their  size,  in  full  lactation,  is  thai  of  a  hole 
pricked  in  paper  by  the  point  of  a  very  fine  pin;  so 
that  llie  cellules  are,  when  distended  with  quicksil- 
ver or  milk,  just  visible  to  the  naked  eye.  Ai  oih^r 
times,  however,  the  cells  do  not  admit  of  being  in- 
jected, though  the  lactiferous  tubes  may  have  been 
completely  tilled.  They  are  lined  by  a  conlinua- 
^on  of  the  same  membrane  with  that  which  lines 
the  dncls,  and  this  possesses  a  high  vascularity. 

The  arteries  which  supply  Ihe  glandules  with  blood      TivmiuiiDa  nf  ponioa  ut 
become  very  large  during  lactation;  and  their  divi-   n'iii'-ii''"iiiMiii;(fom«mer- 
flions   spread    themselves   minutely  on  the  cells,    cwpen  eai'igeJ  fuuriimH. 
From  the  blood  which  they  convey,  the  milk  is 

aecreted  and  poured  into  the  cells,  from  which  it  Rows  into  the  ducts.  No 
minuie  examination  has  yet  been  made  of  Ihe  parenchyma  of  ihe  gland: 
but  il  is  probable  that  it  is  composed,  like  that  of  the  liver,  of  nucleated 
vesicular  tissue,  which  may  be  the  real  agent  in  the  secretion.  Absorbent 
vessels  are  seen  to  arise  in  large  numbers  from  the  mdk-cella;  their  funciion 
appears  to  be,  to  absorb  the  more  watery  part  of  the  milk  contained  in  the 
cells  and  tubes,  so  as  to  render  it  more  nutrient  than  it  is  as  first  secreted: 
and  also  to  relieve  the  distention  which  would  occur,  during  the  absence  of 
the  child,  from  the  continuance  of  the  secreting  process. 

682.  The  Mammary  gland  may  be  detected  at  an  early  period  of  festal 
existence;  being  easily  distinguishable  from  the  surrounding  parts  by  the 
redness  of  iis  colour  and  its  high  vascularity;  especially  when  ihe  whole  is 
injected.  At  this  period  it  presents  no  difference  in  the  male  and  female; 
and  it  is  not  untU  near  the  period  of  puberty  thai  any  striking  change  mani- 
fests itself,  the  gland  continuing  to  grow,  in  each  sex,  in  proportion  to  the 
body  at  large.  About  the  age  of  thirieen,  however,  the  enlargement  of  the 
gland  commences  in  the  Female;  and  by  sixteen  years,  it  is  greatly  evolved, 
and  some  of  the  lactiferous  lubes  can  be  injected.  At  about  ihe  age  of 
twenty,  the  gland  attains  its  full  size  previous  to  lactation;  but  the  milk-cells 
cannot  even  then  be  injected  from  the  tubes.  During  pregnancy,  the  mammx 
receive  a  gready-increased  quantity  of  blood.  This  determination  ofiea 
commences  very  early,  and  produces  a  feeling  of  lenderness  and  distention, 
which  is  a  valuable  sign  (where  it  exists  in  connection  with  others)  of  the 
commencement  of  gestation.  The  areola  al  this  lime  becomes  darker  in  iu 
colour,  thicker  in  substance,  and  more  extended;  its  papillie  beeone  more 
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developed,  and  the  secretion  from  its  follicles  increased.^  The  vascularity 
of  the  gland  continues  to  increase  during  pregnancy;  and  at  the  time  of  par- 
turition, its  lobulated  character  can  be  distinctly  felt.  The  cellules  are  not, 
however,  developed  sufficiently  for  injection,  until  lactation  has  commenced. 
After  the  cessation  of  the  cataraenia  from  age,  so  that  pregnancy  is  no  longer 
possible,  the  lactiferous  ducts  continue  open,  but  the  milk-cellules  are  in- 
capable of  receiving  injection.  The  substance  of  the  glandules  gradually 
disappears,  so  that  in  old  age  only  portions  of  the  ducts  remain,  which  are 
usually  loaded  with  mucus;  the  place  of  the  glandules  is  commonly  filled  op 
by  adipose  tissue,  so  that  the  form  of  the  breast  is  preserved.  Sir  A.  Cooper 
notices  a  curious  change,  which  he  states  to  be  almost  invariable  with  age, 
^namely  the  ossification  of  the  arteries  of  the  breast,  the  large  trunks  as 
well  as  the  branches,  so  that  their  calibre  is  greatly  diminished  or  even 
obliterated. 

683.  The  Mammary  gland  of  the  Male  is  a  sort  of  miniature  picture  of 
that  of  the  female.  It  varies  extremely  in  its  magnitude,  being  in  some 
persons  of  the  size  of  a  large  pea,  whilst  in  others  it  is  an  inch  or  even  two 
inches  in  diameter.  In  its  structure  it  corresponds  exactly  with  that  of  the 
female,  but  is  altogether  on  a  smaller  scale.  It  is  composed  of  lobules  con- 
taining cells  from  which  ducts  arise;  and  these  cells  and  ducts  are  not  too 
minute  to  be  injected,  although  with  difficulty.  The  evolution  of  the  gland 
goes  on  pari  passu  with  that  of  the  body,  not  undergoing  an  increase  at  any 
particular  period;  it  is  sometimes  of  considerable  size  in  old  age.  A  fluid, 
which  is  probably  mucus,  may  be  pressed  from  the  nipple  in  many  persons; 
and  this  in  the  dead  body  with  even  more  facility  than  in  the  living.  That 
the  essential  character  of  the  gland  is  the  same  in  the  male  as  in  the  female, 
is  shown  by  the  instances,  of  which  there  are  now  several  on  record,  in 
which  infants  have  been  suckled  by  men.t  Corresponding  facts  are  also 
recorded  of  the  male  of  several  of  the  lower  animals. 

684.  The  secretion  of  Milk  consists  of  water  holding  sugar,  and  various 
saline  ingredients,  in  solution;  and  in  which  oleaginous  globules,  with  par- 
ticles of  a  form  of  albumen  termed  casein,  are  suspended.  Its  constitution 
is  made  evident  by  the  ordinary  process  to  which  it  is  subjected  in  domestic 
economy.  If  it  be  allowed  to  stand  for  some  time,  exposed  to  the  air,  i 
large  part  of  the  oleaginous  globules  come  to  the  surface,  being  of  lesi 
specific  gravity  than  the  fluid  through  which  they  are  diffused.  At  the 
same  time,  there  is  reason  to  believe  that  they  undergo  a  change,  which  will 

♦  This  change  is  greatly  relied  on  by  many  Obstetricians,  avS  an  unequivocal  Sip 
of  Pregnancy.  It  is  probably  one  of  the  best  sinele  si^ns  to  which  the  medical  ouo 
can  have  recourse,  in  the  early  months;  but  it  must  not  be  implicitly  relied  on.  The 
change  of  colour  varies  in  degree  in  different  individuals;  and  a{Ahealierationsrefn<> 
red  to  may  take  place  when  the  uterus  is  distended  by  hydatids,  fibrinous  coDcreiioos, 
&c.,  as  occurred  in  a  well-marked  case  within  the  Author's  own  experience. 

t  See  the  case  described  by  the  Bishop  of  Cork,  in  the  Philosophical  Traosaclioos 
Vol.  XLi.  p.  813;  one  mentioned  by  Captain  Franklin  (Narrative  of  a  Journey  to  ike 
Polar  Sea,  p.  157);  and  one  which  fell  under  the  notice  of  the  celebrated  traveller 
Humboldt  (Personal  Narrative,  Vol.  in.  p.  58).  The  following  is  given  by  Dr.DuDgli- 
son  (Physiology  ,Vol.  ii.  p.  439. 4th  Ed).  "Profe^^sor  Hall,  of  the  University  of  Maryland, 
exhibited  to  his  Obstetrical  class,  in  the  year  1837,  a  coloured  man,  fifty-five  yearsol 
age,  who  had  large,  soft,  well-formed  mammae,  rather  more  conical  than  those  of  the 
female,  and  projecting  fully  seven  inches  from  the  chest;  with  perfect  and  lawe 
nipples.  The  glandular  structure  seemed  to  the  touch  to  be  exactly  like  that  of  tw 
female.  This  man  hadofficiatedas  wet-nurse,  for  several  years,  in  the  family  of  his 
mistress;  and  he  represented  that  the  secretion  of  milk  was  induced  by  applying  ih* 
children  entrusted  to  his  care,  to  the  breasts,  during  the  night.  When  the  milkwi« 
no  longer  required,  great  difficulty  was  experienced  in  arresting  the  secretion.  His 
genital  organs  were  fully  developed." 


8KCRETI0N  OF  MILK.  527 

be  presently  described.  The  cream  thus  formed  does  not,  however,  consist 
of  oily  particles  alone,  but  includes  a  considerable  amount  of  albumen,  with 
the  sugar  and  salts  of  the  milk.  These  are  further  separated  by  the 
continued  agitation  of  the  cream,  which  separates  it  into  butter,  formed  by 
the  aggregation  of  the  oily  particles,  and  buttermilk,  containing  the  albumen, 
sugar,  &c.  A  considerable  quantity  of  albumen,  however,  is  entangled 
with  the  oleaginous  matter;  and  this  has  a  tendency  to  decompose,  so  as  to 
render  the  butter  rancid.  It  may  be  separated  by  melting  the  butter  at  the 
temperature  of  180°;  when  the  albumen  will  fall  to  the  bottom,  leaving  the 
butter  pure,  and  much  less  liable  to  change.  The  milk,  after  the  cream  has 
been  removed,  still  contains  the  greatest  part  of  its  albumen  and  sugar.  If 
it  be  kept  long  enough,  spontaneous  change  takes  place  in  its  composition; 
the  sugar  is  converted  into  lactic  acid,  and  this  coagulates  the  albumen, 
precipitating  it  in  small  flakes.  The  same  precipitation  may  be  accom- 
plished at  any  time  by  the  addition  of  an  acid;  all  the  acids,  however, 
which  act  upon  albumen,  do  not  precipitate  casein,  as  wUl  presently  be 
pointed  out  in  detail;  the  most  eflfectual  is  that  contained  in  the  dried 
stomach  of  a  calf,  known  as  rennet,  which  exerts  so  powerful  an  influence 
over  it,  that  one  part  is  capable  of  coagulating  1800  parts  of  milk.  The 
whey  left  after  the  curd  has  been  separated,  contains  a  large  proportion  of  the 
saccharine  and  saline  matter  entering  into  the  original  composition  of  tlie 
milk.     This  may  be  readily  separated  by  evaporation.* 

685.  When  milk  is  examined  with  the  microscope,  it  is  seen  to  contain 
a  large  number  of  particles  of  irregular  size  and  form,  suspended  in  a 
somewhat  turbid  fluid.  Of  these  the  most  constant  are  the  smooth 
homogeneous  globular  particles,  which  are  found  by  their  complete  solu- 
bility in  ether,  to  consist  entirely  of  oily  matter,  without  any  investing 
membrane.  These  are  the  true  milk  globules.  Besides  these,  there  are 
other  globules  distinguished  by  their  facette-like  appearance,  which  are 
stated  by  some  to  present  themselves  only  when  the  fluid  has  been  exposed 
to  the  air,  although  others  assert  that  they  may  be  detected  in  fresh-drawn 
milk.  The  Author's  own  observations  lead  him  to  the  belief  that  the  latter 
of  these  statements  is  correct.  Besides  these  particles,  there  are  found  in 
the  colostrum,  or  milk  first  secreted  after  delivery,  large  yellow  granulated 
corpuscles,  which  are  described  by  Donne  as  composed  of  a  multitude  of 
small  grains  enclosed  in  a  transparent  envelope,  and  frequently  including  a 
true  globule  of  milk  in  the  centre;  these  are  for  the  most  part  soluble  in 
ether.  Lamellse  of  epithelium  are  also  found  in  the  milk.  All  these 
globules  may  be  removed  by  repeated  filtration;  and  the  fluid  is  then  nearly 
transparent.  This,  in  fact,  is  the  simplest  way  of  separating  the  oleaginous 
from  the  other  constituents  of  the  milk;  as  little  albumen  then  adheres  to 
the  former.  That  the  transparent  fluid  which  has  passed  through  the  filter 
contains  nearly  the  whole  amount  of  the  casein  of  the  milk,  appears  a 
suflicient  proof  that  this  is  truly  dissolved  in  the  fluid,  and  forms  no  part  of 
the  globules,  which  some  have  imagined  to  consist  of  it.  We  shall  now 
consider  the  chemical  characters  of  each  of  the  foregoing  ingredients. 

686.  The  oleaginous  matter  of  milk  principally  consists,  like  fatty 
matter  in  general,  of  the  two  substances  elaine  and  stearine,  which  are 
converted  in  the  process  of  saponification  into  the  elaic,  stearic,  and  mar- 
garic  acids;  but  it  also  contains  another  substance  peculiar  to  it,  which 

'  yields  in  saponification  three  volatile  acids,  of  strong  animal  odour,  to 
which  Chevreul  has  given  the  names  of  butyric,  caproic,  and  capric  acids; 

•  A  considerable  quantity  is  thus  obtained  for  household  purposes  in  Switzerland. 
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whilst  the  fatty  substance  itself,  to  which  the  peculiar  smell  and  taste  of 
butter  are  due,  is  designated  as  butyrine.     The  peculiar  acids  are  not  only 
formed  when  the  butyrine  is  treated  with  alkalies;  but  are  produced  by  the 
ordinary  decomposition  of  this  principle,  which  is  favoured  by  time  and 
moderate  warmth.     The  Casein^  or  cheesy  matter  of  milk,  which  is  ob- 
tained with  some  slight  admixture  of  fatty  matter  in  the  production  of  cheese 
from  skimmed  milk,  is  commonly  stated  to  be  chiefly  distinguished  from 
albumen  by  the  peculiar  readiness  with  which  it  is  precipitated  by  acetic 
acid,  and  by  its  solubility  in  an  excess  of  the  precipitant.     The  casein  of 
Human  milk,  however,  is  much  less  precipitable  by  acids  than  is  that  of 
the  cow;  very  commonly  resisting  the  action  of  the  mineral  acids,  and  even 
that  of  the  acetic;  but  being  always  coagulated  by  rennet,  though  the  cord 
is  long  in  collecting.     It  is  remarked  by  Dr.  G.  O.  Rees,*  that  the  casein 
of  human  milk  thus  bears  somewhat  the  same  relation  to  that  of  the  cow, 
that  the  albumen  of  chyle  bears  to  that  of  the  blood.     The  Sugar  of  milk, 
which  may  be  obtained  by  evaporating  whey  to  the  consistence  of  a  symp 
and  then  setting  it  aside  to  crystallize,  contains  a  large  proportion  (12  per 
cent.)  of  water,  so  that  it  may  be  considered  as  really  a  hydrate  of  sogai; 
it  is  nearly  identical  in  its  composition  with  starch,  and  may,  like  it,  be 
converted  into  true  sugar  by  the  action  of  sulphuric  acid.     It  is  interesting 
to  see  the  close  approximation  to  the  vegetable  character,  which  this  im* 
portant  element  of  the  secretion  presents.     The  Saline  matter  contained 
in  milk  appears  to  be  nearly  identical  with  that  of  the  blood,  with  perhaps 
a  larger  proportion  of  the  phosphates  of  lime  and  magnesia,  which  amoral 
to  2  or  2i  parts  in  1000. 

687.  It  is  very  interesting  to  observe  that  Milk  thus  contains  the  three 
classes  of  principles  which  are  required  for  human  food — the  albuminons, 
oleaginous,  and  saccharine;  and  it  is  the  only  secreted  fluid  in  which  these 
all  exist  in  any  considerable  amount.     It  is,   therefore,  the  food  most 
perfectly  adapted  for  the  young  animal;  and  it  is  the  only  single  artide 
supplied  by  nature,  in  which  such  a  combination  exists.     Our  artificial 
combinations  will  be  suitable  to   replace   it,  just  in  proportion  as  they 
imitate  its  character,  but  in  none  of  them  can  we  advantageously  dispense 
with  milk,  under  some  form  or  other.     It  should  be  remembered  that  the 
saline  ingredients  of  Milk,  especially  the  phosphates  of  lime  and  magnesia, 
have  a  very  important  function  in  the  nutrition  of  the  infant, — affording  the 
material  for  the  consolidation  of  its  bones;  and  any  fluid  substituted  for 
milk,  which  does  not  contain  these,  is  deficient  in  essential  constituent!. 
It  is  very  justly  remarked  by  Dr.  Rees,  that,  of  all  the  secreted  fluids.  Milk 
is  most  nearly  allied  in  its  composition  to  blood;  and  the  following  table 
expresses  the  parallelism  of  the  several  ingredients.     The  correspondence 
between  the  fibrin  and  albumen  of  the  blood,  and  the  caseint  of  the  milk, 
needs  no  explanation.    That  of  haematosine  and  fatty  matter  is  less  evident; 
but  there  are  many  chemical  relations  between  them.  •  It  is  not  easy  to 
obtain  hsematosine  quite  free  from  fatty  matter;  on  the  other  hand,  the 
fatty  matter  of  the  colostrum  has  frequently  a  deep  red  tinge.     The  sugar 
of  milk  is  probably  derived  from  the  aqueous  extractive  of  the  blood, 
which  is  considered  by  Berzelius  to  contain  the  debris  of  the  variom 

♦  Art.  Milk,  in  the  Cyclopaedia  of  Anatomy  and  Physiology,  from  which  many  of 
the  chemical  details  in  the  text  are  derived. 

t  It  is  suggested  by  Dr.  Rees,  thai  the  casein  of  the  fibrin  may  be  that  which  is 
entangled  with  the  oily  globules  to  form  cream,  whilst  it  is  ihe  casein  of  the  ilbn- 
men  which  remains  in  solution.  If  this  be  true,  there  would  be  no  inconsidenbte 
analogy  between  the  process  of  creaming  and  the  coagulation  of  the  blood. 
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decomposing  tissues,  that  have  been  taken  up  in  the  course  of  the  circula- 
tion; these  seem  to  have  a  tendency  to  return  to  the  crystalline  form;  and, 
from  what  has  been  formerly  stated  of  the  relation  of  sugar  to  the  animal 
tissues  (§  613),  this  would  appear  to  be  one  of  their  most  ready  modes  of 
re-combination. 


Coagulum 


Serum 


BLOOD. 

C  Fibrin 

I  Red  particles 

Albumen 

Alcoholic  extractive; 
viz.  lactates 
^  Aqueous  extractive; 
albuminate  of  soda 
Alkaline  salts 
^Fatty  matter 


MILK. 

Casein 
Butyraceous  matter 

Casein 

Alcoholic  extractive;  viz. 

lactates  and  lactic  acid 
Aqueous  extractive,  with 

sugar  of  milk 
Alkaline  salts 
Fatty  matter 


>  Cream. 


Skim 
^MUk. 


688.  The  proportion  of  the  different  ingredients  in  the  Milk  of  different 
animals  is  subject  to  considerable  variation;  and  this  fact  is  of  much 
practical  importance  in  guiding  our  selection,  when  good  Human  milk 
cannot  be  conveniently  obtained  for  the  nourishment  of  an  infant.  The 
first  point  to  be  inquired  into  is  the  quantity  of  solid  matter  contained  in 
each  kind;  this  may  be  determined  either  by  evaporation,  or  by  the  specific 
(gravity  of  the  fluid.  The  Specific  Gravity  of  Human  milk  is  stated  by  Dr. 
Rees  to  vary  between  1030  and  1035;  others,  however,  have  estimated  it 
much  lower.  That  of  the  Cow  appears  to  be  usually  about  1030;  that  of 
the  cream  being  1024,  and  that  of  the  skimmed  milk  about  1035.  The 
rariation  will  in  part  depend  (as  in  the  case  of  the  urine)  upon  the  quantity 
of  fluid  ingested,  and  in  part,  it  is  probable,  upon  the  manner  in  which  the 
milk  is  drawn;  for  it  is  well  known  to  milkers,  that  the  last  milk  they 
obtain  is  much  richer  than  that  with  which  the  udder  is  distended  at  the 
commencement.  The  quantity  of  solid  matter,  obtainable  from  Human 
and  from  Cow's  Milk  by  evaporation,  seems,  like  the  specific  gravities  of 
the  fluids,  to  be  nearly  the  same,  varying  from  11  to  12}  per  cent.  In  the 
relative  proportions  of  the  ingredients,  however,  there  is  a  considerable 
difference,  there  being  much  more  butter  and  less  casein  in  Human  Milk 
than  in  that  of  the  Cow;  so  that  the  former  would  be  most  nearly  repre- 
sented by  the  cream  of  the  latter,  mingled  with  about  half  its  proportion  of 
flkim  milk,  and  the  other  half  water.  The  cream  of  Human  Milk  has  been 
found  by  Sir  A.  Cooper  to  vary  in  proportion  to  the  milk,  from  one-fifth  to 
one-third  of  the  whole  volume;  the  largest  amount  being  given  by  well-fed 
women,  free  from  mental  anxiety,  and  at  an  early  period  after  parturition. 
It  is  curious,  however,  that,  although  it  diminishes  to  as  little  as  one-seventh 
between  the  fourth  and  ninth  months  of  lactation,  it  increases  again  between 
the  twelfth  and  the  eighteenth,  being  sometimes,  at  the  latter  period,  almost 
a  third  of  the  whole.  In  conformity  with  this  change  in  the  character  of 
the  secretion,  it  is  found  that  the  specific  gravity  increases  during  the  early 
weeks,  as  the  oleaginous  part  gives  place  to  the  albuminous  and  saccharine. 
The  following  table  exhibits  the  relative  proportion  of  the  different  ingre- 
dients in  the  milk  of  various  animals  from  which  it  is  commonly  obtained. 
It  appears  from  this,  that,  whilst  the  milk  of  the  Cow,  Goat,  and  Sheep  do 
not  difi*er  from  each  other  in  any  very  prominent  degree,  that  of  the  Ass  and 
Mare  is  a  fluid  of  very  dissimilar  character,  containing  a  comparatively 
small  proportion  of  casein  and  butter,  and  abounding  in  sugar.  Hence  it  is 
67 
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that  it  is  much  more  disposed  to  ferment  than  other  milk;  indeed  the  migst 
of  Mare's  milk  is  so  abundant,  that  the  Tartars  prepare  from  it  a  spiritaoss 

Woman.       Cow.  Goat.  Sheep.  Ass.        Mare. 

Casein     ....         2-50         4-48  402  4-50  1-82         1-® 

Butter     ....         518         313  3-32  4-20  -Oil 

Sugar    of   Milk    and")^^^         ^.^^  ^.28  500  6-08 

0-60  0-58  0-68  0-34 


aqueous   extractive  ^6*52 
Saline  matters     .     .  J 
Water      ....     85-80       8702       86-80       85-62       91.65 


} 


8-75 
89*63 


liquor,  to  which  they  give  the  name  of  koumiss.  It  appears  from  these 
details  that  no  milk  more  nearly  approaches  that  of  the  Human  female, 
than  that  of  the  Sheep  and  Goat;  these  both  possess,  however,  a  larger  pro- 
portion of  casein,  which  forms  a  peculiarly  dense  curd;  and  the  milk  of  tlie 
Goat  is  tainted  with  the  peculiar  odour  of  the  animal,  which  is  more  intense 
if  the  individual  be  dark  coloured.  The  milk  of  the  Cow  will  usaallj 
answer  very  well  for  the  food  of  the  infant;  care  being  taken  to  dilate  it 
properly,  according  to  the  age  of  the  child. 

689.  The  change  which  naturally  takes  place,  from  the  condition  of 
colostrum  to  that  of  true  milk,  during  the  first  week  of  lactation,  is  a  venr 
important  one.  The  colostrum  has  a  purgative  effect  upon  the  child,  whin 
is  very  useful  in  clearing  its  bowels  of  the  meconium  that  loads  them  at 
birth;  and  thus  the  necessity  of  any  other  purgative  is  generally  superseded. 
Occasionally,  however,  the  colostric  character  is  retained  by  the  milk, 
during  an  abnormally  long  period;  and  the  health  of  the  infant  is  then 
severely  affected.  It  is  important  to  know  that  this  may  occur,  even  though 
the  milk  may  present  all  the  usual  appearance  of  the  healthy  secretion;  bat 
the  microscope  at  once  detects  the  difference.*  The  return  to  the  cha* 
racter  of  the  early  milk,  which  has  been  stated  to  take  place  after  the  expi- 
ration of  about  twelve  months,  seems  to  indicate  that  Nature  designs  the 
secretion  no  longer  to  be  encouraged.  The  mother's  milk  cannot  then  be 
so  nutritious  to  the  child  as  other  food,t  and  every  medical  man  is  familiar 
with  the  injurious  consequences,  to  which  she  renders  herself  liable  by 
unduly  prolonging  lactation.f 

690.  From  what  has  been  stated  of  the  close  correspondence  between 
the  elements  of  the  Blood  and  those  of  the  milk,  it  is  evident  that  we  can 
scarcely  expect  to  trace  the  existence  of  the  latter,  as  such,  in  the  circu- 
lating fluid.  To  what  degree  the  change,  in  which  their  elaboration  con- 
sists, is  accomplished  in  the  Mammary  gland,  or  during  the  course  of  the 
circulation,  there  is  no  certain  means  of  ascertaining.  The  recent  discovery 
of  the  usual  presence  of  the  organic  compound  named  kiestine  (which  ii 
nearly  related  to  casein),  in  the  urine  of  pregnant  women,  seems  to  indicate 
that  the  conversion  of  albumen  into  casein  takes  place  in  the  blood, — this 
curious  excretion  being  the  means  of  preventing  its  accumulation  in  the 
circulating  fluid,  previously  to  the  time  when  it  is  secreted  by  the  mamms.} 

♦  See  Donn6,  "  Du  Lait,  et  en  particulier  celui  des  Nourrices;"  and  Brit^andFor. 
Med.  Review,  Vol.  vi.  p.  181. 

t  On  the  whole  subject  of  Infant  Nutrition,  the  Author  would  strongly  recommend 
the  excellent  little  work  of  Dr.  A.  Combe,  formerly  referred  to. 

t  One  of  these,  which  has  particularly  fallen  under  the  Author's  notice,  is  debility 
of  the  retina,  sometimes  proceeding  to  complete  amaurosis;  this,  if  treated  in  lime,  is 
most  commonly  relieved  by  discontinuance  of  lactation,  generous  diet,  and  quinine 

8  See  Dr.  Golding  Bird,  in  Guy's  Hosp.  Rep.  Vol.  v. 
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It  is  evident  that  this  secretion  cannot  serve  as  the  channel  for  the  deporta- 
tion of  any  element,  the  accumulation  of  which  would  be  injurious  to  the 
system;  since  it  does  not  occur  in  the  male  at  all;  and  in  the  female  at  par- 
ticular times  only.  Yet  there  is  reason  to  believe  that  if,  whilst  the  process 
is  going  on,  it  be  suddenly  checked,  the  retention  of  the  material  in  the 
blood,  or  the  re-absorption  of  the  secreted  fluid,  is  attended  with  injurious 
consequences.  Thus  if,  when  the  milk  is  first  secreted,  the  child  be  not 
pat  to  the  breast,  an  accumulation  takes  place,  which,  if  not  relieved,  occa- 
sions great  general  disturbance  of  the  system.  The  narrowness  of  the 
orifices  of  the  milk-tubes  obstructs  the  spontaneous  exit  of  the  fluid,  espe- 
cially in  primiparw;  the  reservoirs  and  ducts  become  loaded;  further  secre- 
tion is  prevented;  and  a  state  of  congestion  of  the  vessels  of  the  gland, 
tending  to  inflammation,  is  induced.  The  accompanying  fever  is  pardy 
due,  no  doubt,  to  the  local  disturbance;  but  in  part  also,  there  seems  reason 
to  believe,  to  the  re-absorption  of  the  milk  into  the  blood:  this  cannot  but  be 
injurious,  since,  although  but  little  altered,  the  constitution  of  milk  is  essen- 
tially different,  especially  in  regard  to  the  quantity  of  crystallizabie  matter 
(sugar)  which  it  contains.  The  instances  of  the  vicarious  secretion  of  milk 
are  not  numerous;  and  in  no  instance  is  there  any  proof  that  the  elements 
of  the  fluid  were  pre-existent  in  the  blood.  Some  of  the  most  curious  are 
those,  in  which  it  has  been,  poured  out  from  a  gland  in  the  groin,  but  it  is 
probable  that  this  was  in  consequence  of  the  existence  of  a  real  repetition, 
in  that  place,  of  the  true  mammary  structure, — this  being  the  situation  of 
the  mammae  of  many  of  the  inferior  animals,  of  which  the  analogues  in 
Man  are  usually  undeveloped. 

691.  The  following  is  a  more  unequivocal  case  of  vicarious  secretion;  and 
it  is  peculiarly  interesting  as  exhibiting  the  injurious  effects  of  the  re-absorp- 
tion of  the  secretion,  and  the  relief  which  the  system  experienced  when  it 
was  separated  from  the  blood  by  the  new  channel.  **A  lady  of  delicate 
constitution  (with  a  predisposition  to  pneumonia)  was  prevented  from  suck- 
ling her  child,  as  she  desired,  by  the  following  circumstance.  Soon  after 
her  delivery  she  had  a  severe  fever,  during  which  her  breasts  became  very 
large  and  hard;  the  nipples  were  swollen  and  firm,  and  there  was  evidently 
an  abundant  secretion  of  milk;  but  neither  the  sucking  of  the  infant,  nor  any 
artificial  means,  could  draw  a  single  drop  of  fluid  from  the  swollen  glands. 
It  was  clear  that  the  milk-tubes  were  closed;  and  as  the  breasts  continued  to 
grow  larger  and  more  painful,  purgatives  and  other  means  were  employed 
to  check  the  secretion  of  milk.  After  three  days  the  fever  somewhat  dimin- 
ished, and  was  replaced  by  a  constant  cough,  which  was  at  first  dry,  but  soon 
after  was  followed  by  the  expectoration  of  simple  mucus.  After  this,  the 
cough  diminished  in  severity,  and  the  expectoration  became  easy;  but  the 
sputa  were  no  longer  mucous,  but  were  composed  of  a  liquid,  which  had  all 
the  physical  characters  of  genuine  milk.  This  continued  for  fifteen  days; 
the  quantity  of  milk  expectorated  amounting  to  three  ounces  or  more  in  the 
twenty-four  hours.  The  breasts  gradually  diminished  in  size;  and,  by  the 
time  that  the  expectoration  ceased  they  had  regained  their  natural  dimen- 
sions. The  same  complete  obstacle  to  the  flow  of  milk  from  the  nipples 
recurred  after  the  births  of  four  children  successively,  with  the  same  sequelae. 
After  the  sixth,  she  had  the  same  symptoms  of  fever,  but  this  time  they  were 
not  followed  by  bronchitis  or  the  expectoration  of  milk;  she  had  in  their 
stead  copious  sweatings,  which  with  other  severe  symptoms  reduced  her  to 
a  cachectic  state,  and  terminated  fatally  in  a  fortnight."* 

♦  Bullet ino  delle  Scienzc  Mediche,  Apr.  1839;  and  BriuandFor.  Med.  Review, 
Jan.  1840. 
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692.  or  the  qiiaDtky  of  Milk  ordinarily  flecreled  by  a  good  Naisei  it  li 
impoBBible  to  gain  any  definite  idea;  ae  (he  amount  which  can  be  artificially 
drawn  afTorda  no  criterion  of  that  which  is  secreted  al  the  time  of  the  draugU 
(§  426).  The  quantity  which  can  be  squeezed  from  either  breast  at  aay 
one  time,  and  which,  therefore,  must  have  been  contained  in  its  Wbea  and 
reservoirs,  is  aboui  two  ounces.  The  emoant  secreted  is  greatly  influenced 
by  the  physical  and  menial  condition  of  the  female,  and  also  by  the  quanli^ 
and  character  of  the  ingests.  In  regard  to  the  influence  of  the  mental  alaia 
upon  ihia  secretion,  ample  details  have  already  been  given  (Chap,  vn.) 
With  respect  to  the  physical  slate  most  favourable  to  the  production  of  u 
ample  supply  of  this  important  fluid,  it  may  be  stated  generally,  that  sonDd 
health,  a  vigorous  but  not  plethoric  con siiiu lion,  regular  habits,  modentebnt 
not  fatiguing  exercise,  and  an  adequate  but  not  excessive  amount  of  nntii- 
lious  food,  furnish  the  conditions  most  required.  It  is  seldom  that  Blimnht- 
ing  liquors,  which  are  so  commonly  indulged  in,  are  anything  but  prtnadi- 
cial;  but  the  unmeasured  condemnation  of  them  in  which  some  writeis  nan 
indulged,  \i  cerLiinly  injudicious,  as  experience  amply  demonstrates  the  im- 
provement in  the  condition  of  both  mother  and  infant,  which  occaaionsBf 
results  from  tlie  moderate  employment  of  them.  The  influence  of  Tariooi 
medicines  upon  the  milk  is  another  important  question,  which  has  not  yetbea 
sufllcienlly  investigated.  As  a  general  rule,  it  appears  that  the  roost  s<riabta 
saline  compounds  pass  into  the  milk  aa  into  other  aecretions;  but  there  an 
many  exceptions.  Common  salt,  the  sesqui-carbonate  of  soda,  Rolphateaf 
soda,  iodide  of  pot.issium,  oxide  of  zinc,  tris-nitrate  of  bismuth,  and  sesqii)- 
oxide  of  iron,  were  readily  detected  in  the  milk,  when  these  subatances  w«n 
experimentally  administered  to  an  ass;  and  ordioary  experience  shows  thai 
the  human  infant  is  affected  by  many  of  these  when  administered  to  the 
mother.  The  influence  of  mercurial  medicines  taken  by  the  mother,  in 
removing  from  the  infant  a  syphilitic  taint  possessed  by  both,  is  also  wi9 
known.  The  vegetable  purgatives,  especially  castor  oil,  senna,  andcolocynth, 
have  tittle  eflecl  upon  the  milk;  hence  they  are  to  be  preferred  to  the  siUu 
aperients  when  it  is  not  desired  to  act  upon  the  bowels  of  the  child. 

Salivary  Glands  and  Pancreas. 

693.  The  stnicture  of  the  Salivary  Gltmdsuii 
Pancreas  in  Man  bears  considerable  resemblaiM 
to  (hat  of  the  Mammary  glands.  In  some  of  the 
lower  tribes,  however,  they  are  much  sim[4eT. 
Thus,  in  the  Gchinodermata  and  in  Insects,  tbe 
Salivary  glands  have  the  character  of  proloQ^ 
cteca,  more  or  less  convoluted;  and  the  PancceM 
nf  Fishes  presents  itself  in  the  form  of  a  cluster  of 
short  creca  round  the  pyloric  extremity  of  the 
Rtumai'h,  and  opening  into  it  by  distinct  oriGcei. 
Thf  accompanying  figure  will  give  a  snffieial 
idea  of  the  structure  of  these  glands  in  Mam  tlw 
cells  arc  very  minute,  having  a  diameter  ooly 
about  three  times  greater  than  that  of  the  capilluy 
blood-vessels.  Their  development  comm«>«< 
>  from  a  simple  canal,  sending  off  bud-ltbe  pro- 
'  cesses,  which  opens  from  the  mouth,  and  Ua 
amidst  a  vesicular  blastema.  As  development  pro- 
ceeds, the  canal  becomes  more  and  morc  ramified,  increasing  at  the  expenw 
of  the  blastema,  which  is  at  last  almost  wholly  absorbed;  so  that  the  sub- 
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Stance  of  the  gland  consists  of  the  ducts  with  their  ramifications  and  cellalar 
terminations,  and  of  the  blood-vessels  which  are  distributed  upon  these. 

694.  The  Salivary  secretion  is  by  no  means  necessarily  constant,  being 
almost  or  completely  suspended  by  cessation  of  the  movement  of  the  masti- 
cator muscles  and  tongue,  if  unexcited  by  any  nervous  stimulus.  Hence  it 
is  that  the  secretion  is  checked  during  sleep;  so  that,  if  the  mouth  be  kept 
open,  its  surface  is  almost  dried  up  by  the  atmosphere.  The  mode  in 
which  the  secretion  is  excited  through  the  influence  of  the  nervous  system 
has  already  been  considered  (§§  425,6).  The  quantity  of  saliva  formed  during 
the  twenty-four  hours,  has  been  estimated  at  about  15  or  20  ounces;  but  on 
this  point  it  is  evidently  impossible  to  speak  with  certainty.  The  fluid 
obtained  from  the  mouth  is  of  a  more  viscous  character  than  the  true  saliva 
secreted  by  the  glands,  being  mingled  with  mucus.  The  salivary  fluid 
yaries  as  to  its  chemical  re-action;  being  sometimes  slightly  acid,  and  some- 
times slightly  alkaline;  but  it  is  never  precisely  neutral.  It  has  been  stated 
to  be  alkaline  at  meal-times,  but  acid  at  other  periods;  on  this  point,  how- 
ever, there  is  still  much  room  for  inquiry.  Its  specific  gravity  varies  from 
1*006  to  1*009.  It  contains  a  small  number  of  corpuscles,  which  partly 
seem  to  be  epithelium-cells.  The  solid  matter  contained  in  Saliva  is  esti- 
mated by  Berzelius  at  about  1  per  cent.  The  animal  principles  of  which 
this  is  composed  are  osmazome,  mucus,  and  a  peculiar  substance  termed 
salivary  matter,  which  is  soluble  in  water,  insoluble  in  alcohol,  and  yet  is 
different  either  from  albumen  or  gelatine.  Clear  Saliva,  when  submitted  to 
the  influence  of  galvanism,  is  found  to  exhibit  a  faint  coagulum;  and  hence 
it  has  been  supposed  to  contain  albumen.  The  presence  of  this  substance, 
however,  is  doubtful.  A  considerable  proportion  of  saline  and  earthy  matter 
exists  in  the  solid  residue  of  saliva;  this  is  nearly  of  the  same  character  as 
that  which  the  blood  contains,  being  chiefly  composed  of  the  phosphate  of 
lime  and  soda,  the  chlorides  of  sodium  and  potassium,  and  the  lactates  of 
soda  and  potash.  One  remarkable  property  of  the  salivary  secretion,  is  its 
formation  of  a  rust-red  precipitate,  when  mixed  with  a  solution  of  a  per-salt 
of  iron.  This  is  supposed  to  be  due  to  the  presence  in  it  of  the  principle 
termed  sulpho-cyanogen.  The  tartar  which  collects  on  the  human  teeth 
consists  principally  of  the  earthy  phosphates,  the  particles  of  which  are 
held  together  by  about  20  per  cent,  of  animal  matter;  and  nearly  the  same 
may  be  said  of  the  salivary  concretions  which  occasionally  obstruct  the 
ducts. 

695.  The  Pancreatic  Secretion  of  Man  cannot,  of  course,  be  readily 
obtained  for  analysis;  that  which  is  procured  from  the  lower  animals,  how- 
ever, probably  gives  a  suflicicntly  correct  idea  of  its  character.  It  seems  to 
be  of  a  nearly  similar  nature  with  saliva,  but  contains  a  much  larger  pro- 
portion of  solid  matter;  in  that  of  the  dog  as  much  as  8*72  has  been  found, 
and  in  that  of  the  sheep  between  4  and  5  per  cent  In  the  pancreatic  fluid 
of  the  horse,  on  the  other  hand,  the  quantity  of  solid  matter  seems  to  be 
less  than  in  the  saliva.  Of  the  residuum  obtained  by  evaporation,  half 
appears  to  consist  of  albumen;  there  is  also  a  small  amount  of  osmazome, 
and  apparently  of  casein.  A  free  acid,  probably  the  acetic,  exists  in  this 
fluid;  the  salts  which  it  contains  are  nearly  the  same  as  those  of  the  saliva. 

Lachrymal  Gland. 

696.  The  Lachrymal  glands  and  their  secretion  may  be  next  mentioned; 
but  neither  require  any  lengthened  description.  The  gland  in  Man  is  formed 
very  much  on  tlie  plan  of  the  Parotid,  being  composed  of  branched  canab 
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terminating  in  cells,  the  ultimate  ramifications  of  the  several  branches  fonnin^ 
lobules  or  divisions  of  the  glands.  The  lachrymal  fluid  has  not  recently 
undergone  any  accurate  analysis;  and  all  that  can  be  stated  respecting  it  is 
the  general  fact,  that  the  quantity  of  solid  matter  in  it  is  extremely  smtU, 
and  that  this  consists  chiefly  of  saline,  and  either  mucous  or  albuminous 
compounds.  It  seems  probable  that  the  secretion  of  the  lachrymal  gland 
itself  is  very  little  else  than  the  serum  of  the  blood  deprived  of  great  part 
of  its  albumen;  and  that  the  mucus  of  the  tears  is  secreted  from  the  fuHaee 
of  the  conjunctival  membrane.  This  secretion  has  a  slightly  alkaline  reac- 
tion. It  is  being  constantly  formed  in  moderate  amount,  for  the  parpose  of 
cleansing  the  surface  of  the  eye  from  the  impurities  which  would  otherwise 
rest  upon  it;  and  it  is  then  absorbed  by  the  open  orifices  of  the  nasal  duel, 
and  carried  into  the  nose,  as  fast  as  it  is  poured  out«  The  cause  of  this 
absorption  does  not  seem  very  clear.  Capillary  attraction  is  probably  ii 
part  concerned;  and  it  has  been  thought  that  the  momentary  partial  racaan 
occasioned  by  the  inspiratory  effort  in  all  the  air-passages,  will  cause  the 
emptying  of  the  nasal  duct  below,  and  a  consequent  in-draught  aboTe. 
The  influence  of  the  nervous  system  upon  this  secretion  has  been  already 
adverted  to  ($$  425,  6). 

The  Testis. — Spermatic  Fluid, 

697.  In  the  Testes  we  turn  to  the  tubular  form  of  glandular  stmctoie, 
which  so  remarkably  distinguishes  the  kidney  from  all  the  other  glands 
hitherto  mentioned.  The  external  forms  presented  by  these  glands  through- 
out the  Animal  kingdom,  are  extremely  various;  but  their  compositioo  is 
for  the  most  part  very  uniform.  The  object  is  sometimes  attained  by  a 
simple  but  much  elongated  canal;  sometimes  by  shorter  branched  tabes; 
and  in  other  instances,  again,  by  numerous  aggregated  cceca,  which  are 
often  rounded  into  cells.  In  regard  to  this,  as  to  many  other  glands,  it 
may  be  stated  that,  whilst  its  general  form  in  Insects  is  that  of  prolonged 
tubes,  the  required  extension  of  surface  is  given  in  the  Mollusca  by  the 
multiplication  of  cells,  so  that  the  structure  has  a  compact  spongy  character. 
It  is  interesting  to  remark  that,  in  some  of  the  lowest  Fishes,  this  organ 
consists  of  a  mass  of  cells  which  have  no  eflfereiit  ducts;  and  that  the  secre* 
tion  formed  within  these  escapes  by  the  rupture  of  the  cells,  which  allows 
it  to  escape  into  the  abdominal  cavity,  whence  it  passes  by  openings  that 
lead  directly  to  the  exterior.  In  these  Fishes,  the  ova  are  discharged  from 
the  ovarium  in  a  very  similar  manner;  a  modification  of  which  plan  is  fol- 
lowed in  all  the  higher  Vertebrata, — the  ovum  being  in  them  also  discharged 
by  the  rupture  of  its  containing  vesicle  or  ovisac,  into  the  abdominal  cavity, 
but  immediately  received  and  conveyed  away  by  the  funnel-shaped  internil 
prolongation  of  the  external  orifice,  which  is  known  as  the  fimbriated  ex- 
tremity of  the  Fallopian  tube.* 

098.  The  Testis  in  Man  has  in  every  respect,  however,  a  distinctly  gland- 
ular character.  It  consists  of  several  lobules,  which  are  separated  from 
each  other  by  processes  of  the  tunica  albuginea  that  pass  down  between 
them,  and  also  by  an  extremely  delicate  membrane  (described  by  Sir  A. 
Cooper  under  the  name  of  tunica  vasculosa)  consisting  of  minute  ramifica- 
tions of  the  spermatic  vessels  united  by  cellular  tissue.  Each  lobule  is 
composed  of  a  mass  of  convoluted  tubuli  seminiferi,  throughout  which 
blood-vessels  are  minutely  distributed.     The  lobules  diflfer  greatly  in  sixe, 

♦  See  Principles  ol"  General  and  Comparative  Physiology,  §  641. 
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some  containing  one,  and  others  many  of  the  tubuli;  the  total  number  of  the 
lobules  is  eaiimated  at  about 


Fig  76. 


4S0  in  each  testis,  and  that 
of  the  tubuli  at  840.  The 
convolutions  of  the  tubuli  are 
ao  arranged,  that  each  lobule 
forms  a  sort  of  cone,  the  apex 
of  which  is  directed  towards 
the  rele  testis.  It  is  difficult 
to  trace  ihe  free  extremities 
of  the  ■eminiferoiis  tubes, 
owing  to  the  frequency  of 
their  anastomoses  with  each 
Other;  in  this  respect,  there- 
fore, the  structure  of  the 
testis  accords  closely  with 
that  of  the  kidney.  The 
diameter  of  the  tubuli  semi- 
niferi  is  for  the  most  part 
Tery  uniform;  in  the  natural 
condition  they  seem  to  vary 
from  about  the  -jifih  to  the 
jifgth  of  an  inch;  but  when 
injected  with  mercury  they 
are  distended  to  a  size  nearly 
double  the  smaller  of  ihese 
dimensions.  When  they  have 
reached  to  within  a  line  or  .^,  ;  ^^.^-^ 
two  of  the  rete  testis,  they  (Alter  Uuih, 
cease  to  be  convoluted,  seve- 
lal  unite  together  into  tubes 
of  larger  diameter,  and  these 
enter  the  rete  testis  under 
the  name  pf  tubuli  recti. 
The  rete  testis  consists  of 
from  seven  to  thirteen  yes- 
aels,  which  run  in  a  waving 
course, anastomose  with  each 
other,  and  again  divide,  being 
all  connected  together.  The 
vata  efftrentia  which  pass 
to  the  head  of  the  epididymis 
are  at  first  straight,  but  soon 
become  convoluted,  each 
forming  a  sort  of  cone,  of 
which  the  apex  is  directed 
towards  the  rete  testis,  the 
base  to  the  head  of  the  epi- 
didyiois.  The  number  of 
these  is  stated  to  vary  from 
nine  to  thirty,  and  their 
length    to    be    about    eight 

inches.     The  Mirfirfymis  it-  „„i„if,„„  „i,„;  a.,a.,iheir  .. 
self  consists  of  a  very  con-  reniiciauiDih«iuiagui«. 


Fig  7G. 
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voluted  canal,  the  length  of  which  is  about  twenty-one  feet.  Into  its  lower 
extremity,  that  is,  the  angle  which  it  makes  where  it  terminates  in  the  vas 
deferens,  is  poured  the  secretion  of  the  vasculum  aberrana  or  appendix, 
which  seems  like  a  testis  in  miniature,  closely  resembling  a  single  lobole  in 
its  structure.     Its  special  function  is  unknown. 

699.  The  Testicles  originate,  in  the  embryo,  from  the  lower  part  of  die 
Corpora  Wolffiana  (§  670);  arising  from  their  lower  and  inner  sides,  whilst 
the  kidneys  spring  from  their  upper  and  outer  parts.  They  make  their 
first  appearance  in  the  Chick  about  the  fourth  day,  as  delicate  stris  on  the 
Wolfhan  bodies;  and  at  this  period  no  difference  can  be  detected  between 
the  Testes  and  the  Ovaria,  which  originate  in  precisely  the  same  manner. 
Like  the  kidneys,  the  germ-preparing  organs  increase  in  proportion  with 
the  diminution  in  the  temporary  structures;  at  first  their  efferent  dacts  open 
into  those  of  the  Wolffian  bodies,  but  they  are  subsequently  separated  by 
the  formation  of  a  partition,  like  that  which  separates  the  rectum  from  the 
cloaca.  In  the  Human  embryo,  the  rudiments  of  the  sexual  orgaos^^ 
whether  testes  or  ovaria,-— first  present  themselves  soon  after  the  kidneyi 
make  their  appearance,  that  is,  towards  the  end  of  the  seventh  weeL 
They  are  at  first  much  prolonged,  and  seem  to  consist  of  a  kind  of  toft, 
homogeneous  blastema,  in  which  the  tubular  structure  subsequently  de- 
velopes  itself.  The  ovary  at  that  period  has  the  same  aspect  and  texture; 
but  its  subsequent  course  of  development  is  different.  The  testis  gradnaOy 
assumes  its  permanent  form;  the  epididymis  appears  in  the  tenth  week; 
and  the  gubernaculum,  (a  membranous  process  from  the  filamentous  tissue 
of  the  scrotum,  analogous  to  the  round  ligament  arising  from  the  labinm,  * 
and  attached  to  the  ovary  of  the  female,)  which  is  originally  attached  to  the 
vas  deferens,  gradually  fixes  itself  to  the  lower  end  of  the  testis  or  epidi- 
dymis.* The  testes  begin  to  descend  at  about  the  middle  period  of  preg- 
nancy; at  the  seventh  month  they  reach  the  inner  ring;  in  the  eighth  th^ 
enter  the  passage;  and  in  the  ninth  they  usually  descend  into  the  scrotnm. 
The  cause  of  this  descent  is  not  very  clear.  It  can  scarcely  be  doe 
merely,  as  some  have  supposed,  to  the  contraction  of  the  gubemaculnm; 
since  that  does  not  contain  any  fibrous  structure  until  after  the  lowering  of 
the  testes  has  commenced.  It  is  well  known  that  the  testes  are  not  always 
found  in  the  scrotum  at  the  time  of  birth,  even  at  the  full  period.  Upon 
an  examination  of  97  new-born  infants,  Wrisberg  found  both  testes  in  die 
scrotum  in  67, — one  or  both  in  the  canal  in  17, — in  8  one  testis  in  the 
abdomen,  and  in  3  both  testes  within  the  cavity.  Sometimes  one  or  both 
testes  remain  in  the  abdomen  during  the  whole  of  life;  but  this  circam* 
stance  does  not  seem  to  impair  their  function.  This  condition  is  natural, 
indeed,  in  the  Ram. 

700.  The  fluid  secreted  by  the  Testes  is  thick,  tenacious,  and  of  a  gray- 
ish or  yellowish  colour.  It  is  mingled,  during  or  before  emission,  with 
fluid  secreted  by  the  prostate,  Cowper's  glands,  vfec;  and  it  cannot,  there- 
fore, be  obtained  pure,  but  by  drawing  it  from  the  testicle  itself;  hence  no 
accurate  analysis  can  be  made  of  it.  The  Sperm«itozoa  and  seminal  gra- 
nules, which  form  the  most  important  and  characteristic  parts  of  the  Semen, 
can  scarcely  be  regarded  as  products  of  secretion,  and  will  be  described 
under  another  head.  The  peculiar  odour  which  the  Semen  possesses  docs 
not  appear  to  belong  to  the  spermatic   fluid,  but  is  probably  derived  from 

♦  Mr.  Mayo  mentions  (Physiology,  p.  530)  a  curious  malformation  thai  cameander 
his  notice,  which  is  explained  by  this  fact.  The  leA  testis  had  not  descended,  and 
lay  upon  the  edge  of  the  psoas  muscle  immediately  within  the  internal  ring;  while 
the  cord  was  drawn  down  into  the  scrotum  through  the  persistence  of  the  original 
attachment  of  the  gubernaculum,  forming  a  long  loop. 
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one  or  other  of  the  secretions  with  which  it  is  mingled.  The  ehemical 
analyses  which  have  been  made  of  this  fluid  are  all  defective,  inasmuch  as 
they  do  not  distin^ish  the  real  secretion  of  the  testes  from  the  mucus,  pros- 
lalLc  fluid,  Sic.,  with  which  it  is  mingled.  It  may  be  stated,  however,  that 
it  has  an  alkaline  reaction,  and  contains  albumen,  with  a  peculiar  animal 
principle  termed  spermatine;  and  also  saline  matter,  cbnaisting  chiefly  of 
muriates  and  phosphates,  especially  the  latter,  which  form  crystals  when  the 
fluid  has  stood  for  some  little  time. 

Culaneout  and  Mucout  Follicles. 
701.  Having  now  described  the  slruchire  P'B-  "H. 

and  functions  of  the  principal  Glands  which 
are  composed  of  aggregated  masses  of  se- 
creting cells  or  tubes,  we  may  proceed  to 
those  in  which  the  gtandulx  are  more  scat- 
tered, but  are  still,  in  their  aggregate  amount, 
of  sufficient  importance  to  claim  particular 
DOtice.  This  is  especially  the  case  in  the 
Skin,  and  its  internal  prolongations,  forming 
Mucous  Membranes.  The  skin  is  the  seat 
of  various  secretions,*  for  each  of  which  it 
ia  provided  with  special  organs.  Of  these 
the  most  important  ia  the  Perspiration, 
which  is  formed  in  small  glandular  organs 
■eated  just  beneath  the  cutis,  and  diffused 
over  the  whole  surface  of  the  body.  The 
efferent  ducts  of  these  glandulee  open  by 
minute  pores  in  the  epidermis,  which  are 
seen  in  elevated  lines  on  the  skin  of  the 
palm  of  the  hand  and  the  sole  of  the  fool; 
they  penetrate  the  epidermis  rather  ob- 
liquely, so  that  a  sort  of  lilUe  valve  is 
formed  by  it,  which  is  liAed  up  by  the  ex- 
creted fluid  as  it  issues.  The  duels  pass 
through  the  epidermis  and  cutis  in  a  spiral 
direction,  and  then  enter  the  glands,  which 
consist  of  the  convolutions  of  the  ducts, 
more  or  less  subdivided,  on  which  blood- 
re  ssets  are  distributed.  Where  the  epider- 
mis is  thin,  the  canal  is  straighter.  The 
secretion  of  fluid  by  these  glands  is  con- 
tinually taking  place;  but  this  fluid,  being 
usually  carried  off  in  the  form  of  vapour  as 
fast  SB  it  is  separated,  does  not  accumulate 
and  become  sensible.  If,  however,  from  the 
increased  amount  of  the  secT«tian,  or  from 

the  condition  of  the  surrounding  air,  the  st«i<«ife™.gt«nafh.d.ih.p.iin>rfih. 
whole  fluid  thus  poured  out  should  not  htnii,  HiBgoifini  40  Diim.!  a,  a,  coo- 
evaporate,  it  accumulates   in  minute  drops'""'^ '",'>"' "'"P'"''^  "'"«'•"''' "'' 

^      ,  .  .  ,,         ,  -  .n.         ,1        '     uhillnd  Into  \wo  eicretorj  ducu,  b.  b, 

upon  the  surface  of  the  skin.  1  hus  the  su-„hkh  uoiia  imooDs  apini  uoni,  tbut 
doriferous  excretion  may  take  the  form  either  pnfiinui  che  sptdmnii  it  c,  ■nd  opcu 
of  sensible  or  insensible  transpiration;  lhe?"'""'il*?"*.'/'t^'"^"'"^'^'''^ 
latter  being  constant,  the  former  occasional.  (After  wnB^r.) 

commoDly  re- 


'v.;;' 
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It  is  difficult  to  obtain  enough  of  this  secretion  for  analysis,  free  from  the 
sebaceous  and  other  matters  which  accumulate  on  the  surface  of  the  skin; 
and  its  character  can  only,  therefore,  be  stated  approximatively.     It  has 
usually  an  acid  reaction,  which  seems  due  to  the  presence  of  lactic  acid;  and 
to  this  we  are  probably  to  attribute  the  sour  smell  which  it  has,  especially  in 
some  disordered  states  of  the  system.     In  other  respects  it  seems  to  cor- 
respond pretty  closely  with  saliva,— containing  osmazome  with  saline  mat- 
ter, especially  chloride  of  sodium  and  muriate  of  ammonia.     The  p^>po^ 
tion  of  solid  matter  contained  in  it  cannot  bt  estimated  with  readiness.    It 
appears,  however,  that  of  the  whole  amount  of  fluid  which  passes  off  from 
the  surface  of  the  skin,  only  a  small  proportion  can  be  properly  said  to  be 
secreted  by  the  sudoriferous  glands;  the  greater  part,  under  ordinary  circao- 
stances,  being  the  product  of  simple  evaporation,  by  which,   g^  course, 
nothing  but  pure  watery  vapour  is  dissipated. 

702.  The  whole  amount  of  fluid  which  is  insensibly  lost  (rom  the  cuta- 
neous and  pulmonary  surfaces,  is  estimated  by  Seguin  at  18  grains  per 
minute;  of  which  II  grains  pass  off  by  the  skin,  and  7  by  the  lungs.  The 
maximum  loss  by  exhalation,  cutaneous  and  pulmonary,  during  twenty-foar 
hours,  (except  under  very  peculiar  circumstances,)  is  5  lbs.;  the  minimoo 
l§lb.  It  varies  greatly,  according  to  the  condition  of  the  atmosphere,  and 
that  of  the  body  itself.  The  manner  and  degree  in  which  it  is  influenced 
by  atmospheric  conditions,  will  be  better  discussed  under  the  head  of  Ani- 
mal Heat;  since  this  influence  has  a  most  important  effect  in  the  regulation 
of  the  temperature  of  the  body.  Its  variation  according  to  the  state  of  the 
bodily  system  is  such,  that  it  tends  to  reduce  the  body  every  day  to  nearly 
the  same  standard  of  weight;  making  up  the  difference,  as  it  were,  between 
the  weight  of  the  other  egesta  and  that  of  the  ingcsta.  The  urinary  secre- 
tion being  the  one  chiefly  concerned  in  draining  the  body  of  its  superflaons 
fluid,  the  cutaneous  exhalation  is  thus  in  great  degree  vicarious  widi  it^ 
increasing  with  its  diminution,  and  diminishing  with  its  increase.  The 
exhalent  action  of  tlie  skin  is  influenced,  also,  by  general  conditions  of  the 
vascular  and  nervous  systems,  which  are  as  yet  ill  understood.  It  is  quite 
certain,  however,  that  through  the  influence  of  the  latter  the  secreUon  may 
be  excited  or  suspended;  this  is  seen  on  the  one  hand  in  the  stale  of  syn- 
cope, and  in  the  effects  of  depressing  emotions,  especially  fear,  and  its  more 
aggravated  condition,  terror;  and  on  the  other  in  the  dry  condition  of  the 
skin  during  states  of  high  nervous  excitement.  It  is  very  probable  that,  in 
many  forms  of  fever,  the  suppression  of  the  perspiration  is  a  cause,  ndier 
than  an  effect,  of  disordered  vascular  action;  for  there  are  several  morind 
conditions  of  large  parts  of  the  surface,  in  which  the  suppression  of  the 
transpiration  appears  to  be  one  of  the  chief  sources  of  danger,  having  a 
tendency  to  produce  congestion  and  inflammation  of  internal  organs. 

703.  The  skin  is  likewise  furnished  with  numerous  Sebaceous  glanda, 
also  distributed  more  or  less  closely  throughout  the  whole  surface  of  the 
body.  Some  of  these  are  simple  follicles  contained  in  the  substance  of  the 
skin  itself;  whilst  others  are  formed  out  of  similar  follicles,  more  or  less 
branched,  elongated,  and  convoluted;  these  last  commonly  open  into  the 
passage  by  which  the  hair  makes  its  way  outwards.  Besides  these,  there 
are  other  glands  situated  in  particular  parts  of  the  body,  and  having  special 
functions.  Such  are  the  Ceruminous  glands  situated  beneath  the  skin  of 
the  auditory  meatus;  these  are  closely  analogous  in  form  to  the  sudoriferous 
glands,  as  the  accompanying  flgure  shows;  but  their  secretion  is  very  dif- 
ferent, being  nearly  solid,  and  having  somewhat  of  a  resinous  character.  It 
is  probable  that  by  similar  glands  are  elaborated  the  odorous  secretions, 
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which  are  exuded  from  particular  parts  of  the  BurTace,  especially  the  axillie. 
In  many  of  the  lower  animals,  such  );lands  may  be  detected,  having  a  struc- 
ture of  considerable  complexity.     The  odorous  secretion  would  appear  to 


«cr«oi7  rlncu  b.b;  d,  bue  oflhs  h«lr, 
WDIOIUd  tabB,  a,  ■,  if  the  FicrBIory  d 
l(UHlilgblf  ai>«alGeil,   (Alisr  Wb^dc 


Secilon  of  the  ikln,  magnified  Ihm  diimelEn, 
irger  and  doepor-»ea>Hl  glaniia,  bj  which  ihe 
lennig  ai  c;  a,  a.  "^tiacoDui  glsnili.  with  thFlr 
ulllcle,  •,  •-    c.  CEruiDrn-gland,  fiirmed  bj  the 


be  elaboraled  from  the  blood  by  a  simple  chemical  chan^;  for  it  may  be 
made  evident,  even  in  blood  that  has  been  dried  up,  by  treating  it  with  sul- 
pharic  acid.  This  aromatic  principle  differs  sufhciently  in  the  blood  of 
different  animals,  to  enable  a  person  with  a  delicate  sense  of  smell  to  deter- 
mine from  what  animal  any  specimen  has  been  procured;  and  this  fact  has 
been  applied  with  success  to  juridical  investiga lions.  It  has  even  been 
stated  that  the  biood  of  the  human  Male  may  be  distinguished  from  that  of 
the  Female  by  its  more  powerful  odour;  but  this  does  not  appear  to  be  the 
case, — at  least  with  sufficient  certainty  for  medico-legal  inquiries." 

704.  Besides  the  crypts  or  follicles,  which  have  been  spoken  of  as  gene- 
rally  existing  in  Mucous  Membranes,  there  exist,  in  thai  of  the  intestinal 
canal,  numerous  glandulse  in  various  parts,  for  the  elaboration  of  particular 
Hcretiona.  In  the  stomach,  for  example,  a  large  number  of  these  secre- 
tingorgans,  some  of  them  possessing  rather  a  complex  structure,  are  included 
in  the  thickness  of  its  walls,  composing  indeed  the  greater  part  of  the 
mucous  membrane.  If  this  be  divided  by  a  section  perpendicular  to  its  sur- 
face it  is  seen  to  be  made  up  of  a  number  of  tubuli  closely  applied  to  each 
other,  their  blind  extremities  being  in  contact  with  the  submucous  tissue, 
and  their  open  ends  being  directed  towards  the  cavity  of  the  stomach.    -In 

•  See  Aanales  d'Hjgiene,  Vol.  i.  pp. 267 and  548;  Vol.  ii,  p. 317;  Vol.  x. p.  160,  Ac. 
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le  lubuli  are  short  and  alraigbt;  Jn 
other  parts  they  are  longer,  and  present  an  appearance  of 
irregular  dilalation, or  partial  convolution.  Thiaindeed 
ia  their  usual  character,  eapecialiy  towards  ihe  cardiac 
orifice  of  the  stomach.  On  the  other  hand,  towards  tbe 
pyloric  extremity  they  hayeaniuch  more  complexainte- 
lure.  Between  the  tubuli,  blood-vessels  pass  up  from  die 
submucous  tiasue,  and  form  a  vascular  network  on  il< 
surface.  From  the  examinalton  of  these  horizontal  mo 
tions  of  the  mucous  membrane  at  various  depths,  Dr. 
Todd*  has  aat^ertained  that  the  tubuli  are  airanged  in 
bnndlea  or  groups,  surrounded  and  bound  together  by 
a  fine  cellular  membrane;  the  size  of  Ihe  bundles,  and 
the  number  of  tubules  contained  in  them,  vary  conii- 
derably.  The  tubcf^do  not,  in  general,  open  direclly 
upon  the  aurface,  but  into  the  bottom  of  small  depm- 
sions  or  cells,  which  may  be  seeu  to  cover  the  metn- 
brane.  Theae  cells  are  more  or  leas  circular  in  form, 
and  are  separated  from  one  another  by  parti lion-lika 
elevations  of  the  membrane,  which  vary  in  deptfai  and 
sometimes  even  by  pointed  processes,  that  hare  beeo 
mistaken  by  some  anatomists  for  villi.  The  diaraeirr 
of  the  cells  varies  from  about  I-lOOth  to  l-250th  of  an 
inch;  it  ia  always  greater  near  the  pylorus.  When  the 
surface  of  the  membrane,  cleansed  from  roncus  and 
epithelium-scalea,  is  examined  with  a  sufficient  magai- 
fying  power,  it  ia  seen  that  from  three  to  five  perfota- 

^  tions  exist  in  ihe  floor  of  each  cell;  and  these  are  the 

,  openings  of  the  accreting  tubes.     The  gastric  fluid, 
elaborated  by  iliis  apparatus,  having  been  already  mide 

'   a  Bubjert  of  special  considcraiion  (§  i'J4,  et  aeq.)  need 

,  not  be  here  described. 
Fig.  80.  Fig.  81. 
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oi  more  tumplpi  .trucmre,  and  ippturinK  lo  conmln  mucin,  lo theietrellng  lubfv,  Inermtp" 

famnhenelshbourhooilafihopjlonu.  (Atwr  W»gii,T.)  lu.urf.co.  (iftnBfliiJ.) 

706.  The  whole  mucous  surface  of  the  Intestinal  canal  is  fumishedwith 
glandular  follicles  of  o  very  similar  character;  of  which  some  approach  ihoM 
of  Ihe  Biomach  in  complexity  of  structure,  whilst  others  evidently  correspond 
with  the  cry;)(«  of  ordinary  Mucous  Membrane.     An  innumerable  mullili»le 

•  Gulslonian  Leclnresoti  ibe  Physiologj'  of  the  Stomach,  in  Medical  Qaaeltc.  ISS- 
«f°»  K  .'■  IS'^i*  ??''?''  'l""S"raI  Dissertation  on  the  Mucous  Membrane  of  '^ 
yiomacb,  in  Edinb.  Med,  and  Surg.  Journal,  Vol.  xlvi. 
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of  pores  are  easily  seen,  by  the  aid  or  a  simple  lens,  lo  cover  the  whole 
internal  surface  of  the  large  inlesline;  and  these  are  the  eulrances  to  tubular 
follicles  closely  resembling  those  of  the  stomach,  but  more  simple  in  struc- 
ture. Their  ccecai  extremities  abut  against  the  submucous  tissue;  lowarda 
the  end  of  the  rectum,  however,  they  are  much  prolonged,  aod  constitute  a 
peculiar  layer  between  the  mucous  and  muscular  coats;  the  tubes,  which  are 
there  visible  to  the  naked  eye,  being  erect,  parallel,  and  densely  crowded. 
These  glands  probably  form  the  peculiarly  thick  and  tenacious  mucus  of 
the  large  intestine.  In  the  small  inleslioe,  on  the  other  hand,  the  cteca  are 
less  ^eep,  and  their  apertures  are  smaller.  These  apertures  are,  for  the  most 
pan,  siluBied  around  the  bases  of  the  villi;  in  the  fcstusand  newly>boro child, 
they  are  so  abundant  as  lo  be  almost  in  contact;  but  in  the  adull,  the  inter- 
vals increase  so  as  to  occupy  more  space  than  the  apertures.  The  glandulse 
of  the  small  intestine  have  long  been  known,  under  the  name  of  the  follicles 
of  Lieberkuhn;  they  become  particulnrly  evident  when  the  mucous  mem- 
brane is  inBamcd,  being  then  filled  with  an  opaque  whitish  secretion,  whieli 
is  absent  in  the  healthy  state.  Besides  the  foregoing  descriptions  of  solitary 
Fig.  63.  Fig.  83. 
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fetor;  th»  folllel™  at  Llrheffcahn  6U«I  wiih  ii-wee1  (rem  tbon,  ind  uva  In  I'ciHn; 

JtMceom  while fecrcUoll.  (AhMBuehm.)  from Ihe  luge  InlMilnn.  (Aftor  Bufhm.J 

glandulae,  the  rscum  and  the  lower  part  of  the  rectum  contain  a  number  of 
aimple  and  large  follicles,  which  produce  slight  rounded  elevations  on  the 
surface  of  the  mucous  membrane;  the  centre  of  each  of  these  elevations  is 
perforated  by  an  aperture  of  the  follicle;  and  around  this  are  seen  the  oritiocs 
of  the  tubular  coeca,  which  closely  envelope  the  globular  follicle.  These 
Beem  most  abundant  where  the  largest  quantity  of  mucus  is  required.  They 
have  been  coofounded  with  the  glands  of  Brunner,  and  with  the  soliUry 
Peyerian  glands  presently  to  be  noticed. 

706.  The  true  glands  of  Brunner  are  chiefly  situated  in  the  Duodenum; 
and  they  lie,  not  in  the  mucous,  but  in  the  submucous  tissue,  where  they 
form  a  continuous  layer  of  white  bodies  sunounding  the  whole  intestine. 
Their  size,  unless  diseased,  is  scarcely  that  of  a  hemp-seed;  each  coosisU 
of  numerous  minute  lobules,  of  which  the  ducts  Fig.  84. 

open  into  a  common  excretory  tube;    and  in  the 
lobules  may  be  distinguished  the  minute  ramifica- 
tions of  these  ducts,  with  clusters  of  cells,  forming 
acini,  of  which  about  six  hundred  are  computed  to 
exist  in  each.     Hence  these  glands  are  of  complex 
structure,   much  resembling  that  of  the  salivary 
glands  and  pancreas,  and   entirely  differing  from 
all  the  other  glandulse  of  the  walls  of  the  alimentary     ^^^^ 
canal.     Of  the  peculiar  nature  of  their  secretion    bki. 
nothing  is  known.     The  subject  of  the  intestinal     B«i"«- 
secretions  generally  has  been  already  adverted  to  (§  443). 
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707.  Theso-called  Peyerian  glands  constitute,  when  aggregated  together, 
targe  pntches  on  the  mucous  membrane  of  the  small  intestine,  where  ihef 
are  known  as  the  glandulx  agminatse;  and  ii  ie  to  these  alone  that  Peyer'i 
name  is  usually  applied.  Similar  bodies,  however,  exist  separately  in  the 
lower  part  of  (he  small  intestines,  where  they  have  been  confounded  with 
the  glands  of  Brunner,  which  do  not  extend  beyond  the  commencement  of 


Fig.  85. 


thejejunum.  The  glands  of  Peyer, 
vhen  examined  in  a  healthy  nni- 
cous  membrane,  present  the  ap- 
pearance of  circular  white  sligii lly- 
raisedspots,  about  aline  indiameier, 
over  which  the  membrane  is  tun- 
ally  less  thickly  set  with  villi,  ind 
very  often  entirely  free  from  them. 
Each  of  these  white  spots,  d 
which  a  large  number  are  contaiif 
ed  in  the  agminated  glands,  ii 
surrounded  by  a  zone  of  opening! 
like  those  of  Lieberkuhn's  follicln, 
which  lead,  as  do  those,  into  lobu- 
lar cceca.  On  rupturing  the  m^ 
face  of  one  of  the  white  bodin. 
there  is  found  beneath  it  a  cavity, 
(J™.he\°lror;h.''riC!Xh"7""nifl^"^^^  corresponding  in  extent  with  (be 
iiiuuviiiaiiiipiiijni.  (Aftpr Bo«hm.)  Bpot,  and  of  Considerable  depln; 

but  this  CBvi(y  has  no  excretory  opening;  and  the  tubular  foUicles,  by  which 
it  is  surrounded  have  no  connection  with  it.  The  cavity  contains  a  gny- 
ish-white  mucous  matter,  interspersed  with  granules  which  are  smaller  thin 
(he  ordinary  panicles  of  mucus.  The  membrane  which  covers  in  the 
cavity  is  extremely  ihin,  and  is  very  liable  to  be  destroyed  by  ulceration; 
hence  it  is  thai,  after  inflammation  of  the  membrane,  the  patches  of  Peyw 
are  seen  as  a  congeries  of  shallow  open  cells  or  follicles.  The  use  of  these 
bodies  is  entirely  unknown.' 

TTte  Spleen,  and  SupraSmal  Capatdea. 
708.  It  remains  for  us  to  consider  certain  other  bodies,  which,  from 
their  havint;  a  somewhat  glandular  aspect,  are  usually  ranked  among  the 
secreting  organs;  but  which  have  neither  excretory  ducts,  nor  any  thing  thil 
can  be  considered  as  truly  glandular  in  their  structure.  Of  these,  Oa 
largest  and  most  important  in  the  adult  is  the  Spleen.  This  origan  i> 
eBsentialty  composed  of  a  fibrous  membrane,  which  forms  its  exterior,  ini) 
which  traverses  its  substance  in  irregular  partitions,  leaving  a  number  of 
cells  that  communicate  with  one  another.  These  cells  contain  a  pulpy 
substance,  which  consists  of  a  mass  of  reddish^brown  granules,!  about  the 

•For  more  minale  details  resarclingihe  sirocmre  of  ihe  iniestinal  glaoiis,  seelht 
DissertaJion  of  Dr.  Boelim,  "  De  Glandulamm  Iniesiinarium  Siruciura  peniiii>ri;° 
of  which  an  absiraci  will  be  found  in  Che  Bhiish  and  Foreign  Medical  Review,  ViJ.  t. 
(1836!,  and  also  in  Mr.SnIly's  work  alreadyreferrediojialsoProf,  Horner's  obwrri- 
tions,  which  were  publishedin  the  Aoiericao  Journal  ofihe  Medical  Sciences— May. 
1835.! 

t  These  corpuscles  are  described  by  Mr.  Gulliver,  (Appendix  to  Qerber's  Genewi 
Anatomy,  p.  102,)  as  oioiily  globalar,  but  oflen  ovsl;  some  of  ibem  coQUintPfii 
nucleus,  whilst  others  appear  <u  be  formed  simply  by  an  aggregation  of  grinal's- 
Tbeysre  more  unequal  in  size,  and  slighily  larger,  than  the  blood-disc^  iheirdiame- 
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size  of  the  corpuscles  of  the  hlood,  but  differing  from  them  in  form,  being 
irregularly  globular  and  not  flattened;  they  are  easily  separable  from  each 
other.  In  the  mass  which  they  form,  the  minute  arteries  ramify  in  tufts; 
and  they  terminate  in  a  very  large  plexus  of  venous  canals,  of  which  the 
walls  are  so  thin,  that  the  veins  appear  as  if  simply  channelled  out  from 
the  pulpy  tissue.  From  the  channels  of  the  veins,  a  number  of  small  pas- 
sages may  be  traced,  leading  into  cells,  which  can  be  filled  with  venous 
blood  from  the  trunk.  In  the  spleen  of  many  of  the  lower  Mammalia, 
though  much  less  abundantly  in  that  of  Man,  are  found  some  grayish- 
white,  globular  corpuscles,  varying  in  diameter  from  j^th  of  a  line  to  a  line* 
and  so  soft  as  to  take  a  liquid  form  when  raised  on  the  knife.  These  have 
been  described  as  Malpighian  corpuscles;  but  the  particles  to  which  that 
designation  is  appropriate  are  much  more  minute  (being  from  4th  to  ijth  of 
a  line  in  diameter)  and  of  much  greater  firmness.  These  are  connected 
together,  sometimes  in  rows,  sometimes  in  bunches,  by  delicate  fibres,, 
which  are  prolonged  from  the  splenic  artery,  and  are  stated  by  Miiller  to 
be  minute  branches  of  it;  their  ramifications  pass  over  the  surface  of  the 
corpuscles  rather  than  into  their  interior,  which  is  occupied  by  irregularly- 
globular  particles,  resembling  those  of  the  red  pulpy  substance. 

709.  In  regard  to  the  functions  of  the  Spleen,  great  uncertainty  exists. 
That  it  is  not  an  ordinary  gland  is  evident  from  the  absence  of  an  excretory 
duct;  and  there  is  no  valid  reason  to  believe  that  any  secretion  is  formed  by 
it,  although  some  have  supposed  that  the  lymphatics,  which  are  abundantly 
distributed  through  the  organ,  might  afford  a  means  of  exit  to  the  elaborated 
fluid.     That  the  Spleen  performs  no  function  essential  to  life,  has  been 
repeatedly  proved  by  the  experimental  removal  of  it  in  many  of  the  lower 
animals,  and  by  the  accidental  loss  of  it  in  Man,  of  which  several  cases  are 
on  record;  for  after  the  immediate  effects  of  the  wound  were  recovered  from, 
the  vital  functions  were  performed  with  no  perceptible  interruption,  and 
health  appeared  to  be  completely  restored.     The  apparent  restriction  of  the 
Spleen  to  Vertebrated  animals,  in  which  it  almost  invariably  exists,  and  the 
conjoint  restriction  of  a  separate  absorbent  system  to  this  sub-kingdom,  has 
led  to  the  opinion  that  the  function  of  the  two  are  in  some  way  connected; 
but  for  this  there  seems  no  other  evidence.     Moreover,  it  is  by  no  means 
certain  that  something  analogous  to  a  Spleen  does  not  exist  in  some  Inver- 
tebrata:  this,  at  least,  would  seem  to  be  the  character  of  a  curious  cellular 
organ  which  exists  in  connection  with  the  venous  system  in  many  Cepha- 
lopoda, and  for  which  no  definite  function  can  be  assigned.*     The  theory 
of  the  operation  of  the  Spleen,  most  satisfactory  to  the  Author,  is  that  which 
regards  it  as  a  sort  of  diverticulum  or  reservoir,  which  may  serve  to  relieve 
the  portal  venous  system  from  undue  distention,  under  a  great  variety  of 
circnmstances.     This  system  is  well  known  to  be  destitjate  of  valves;  so 
that  the  splenic  vein  has  free  communication  with  the  whole  of  it.     Hence 
the  Spleen  will  be  a  ready  diverticulum  for  the  venous  blood,  when  the 
secreting  action  of  the  liver  is  feeble,  so  that  the  portal  circulation  receives 
a  partial  check  (§  662).     That  any  cause  of  congestion  of  the  portal  system 
peculiarly  affects  the  Spleen,  has  been  proved  by  experiment;  for  after  the 
portal  vein  has  been  tied,  the  spleen  of  an  animal,  which  previously  weighed 
only  2  oz.,  has  been  found  to  weigh  a  pound  and  a  quarter,  or  ten  times  as 
much.     Now  it  is  evident  that  congestion  of  the  portal  system  is  liable  to 
occur  when  the  alimentary  canal  is  distended  with  food;  and  this  from  two 

tcr  varies  from  l-1777ih  to  l-6(X)0th  of  an  inch,  the  average  being  about  l-3038lh» 
These  corpascles  may  be  seen  in  blood  drawn  from  the  Splenic  vein. 
*  Cyclopaedia  of  Anatomy,  Vol.  i.  Art.  Cephalopoda. 
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causes,— the  pressure  on  the  intestinal  veins,  and  the  quantity  of  fluid  alh 
sorbed  by  these  veins.     Hence  it  may  be  conceived  that  the  Spleen,  by 
aflfording  a  reservoir  into  which  the  superfluous  venous  blood   may  be 
directed,  serves  an  important  purpose  in  preventing  congestion  of  other 
organs.     From  the  observations  of  Mr.  Dobson,*  it  appears  that  the  spleen 
has  its  maximum  volume  at  the  time  when  the  process  of  chymification  is 
at  an  end, — namely,  about  five  hours  after  food  is  taken;  and  that  it  is  small 
and  contains  little  blood  seven  hours  later,  when  no  food  has  been  taken  in 
the  interval.     Hence  he  inferred  that  this  organ  is  the  receptacle  for  the 
increased  quantity  of  blood,  which  the  system  acquires  from  the  food,  ud 
which  cannot,  without  danger,  be  admitted  into  the  blood-vessels  generally; 
and  that  it  regains  its  previous  dimensions,  after  the  volume  of  the  circo- 
lating  fluid  has  been  reduced  by  secretion.     This  view  is  confirmed  by  the 
fact  noticed  by  several  observers, — that  the  spleen  rapidly  increases  in  balk 
after  the  ingestion  of  a  large  quantity  of  fluid,  which  is  absorbed  rather  by 
the  veins  than  by  the  lacteals.     It  has  been  further  stated  in  support  of  this 
theory,  that  animals  from  which  the  spleen  has  been  removed,  are  very 
liable  to  die  of  apoplexy  if  they  take  a  large  quantity  of  food  at  a  time;  bol 
that  if  they  eat  moderately  and  frequently,  they  do  not  suffer  in  this  manner. 
The  use  of  the  Spleen  as  a  diverticulum  for  the  internal  venous  circulation, 
is  further  borne  out  by  its  liability  to  become  enlarged  in  consequence  of 
intermittent  fever;  during  the  cold  stage  of  which,  a  great  quantity  of  Uood 
is  driven  from  the  surface  towards  the  internal  organs;  and  it  may  be  easily 
imagined  that,  if  there  were  no  such  reservoir,  the  congestions  in  these 
would  be  much  more  dangerous  than  those  whicii  actually  do  occur.    The 
permanent  enlargement  of  the  organ  is  of  course,  on  this  idea  of  its  ase,  s 
result  of  its  frequent  distension.     That  the  function  of  the  Spleen  is  in 
some  way  connected  with  that  of  Digestion,  appears  from  the  fact  of  the 
small  size  of  this  organ  in  the  foetal  state. 

710.  The  Supra-renal  Capsules,  like  the  kidneys,  consist  of  two  distinct 
kinds  of  substance, — a  cortical  and  medullary.     The  cortical  substance  is 
of  a  yellowish  colour,  and  consists  of  straight  parallel  fibres  arranged  side 
by  side.     Of  these  straight  fibres,  a  large  part  are  branches  of  arteries 
which  enter  this  body  at  every  point  of  its  exterior,  from  a  capillary  net- 
work covering  its  surface;  and  others  are  corresponding  branches  of  veins 
that  receive  the  blood  from  these  arteries,  and  convey  it  into  a  venoos 
plexus,  of  which  the  medullary  substance  is  chiefly  composed.     By  the 
union  of  the  veins  of  this  plexus,  is  formed  the  large  central  vein  of  the 
organ;  and  this  is  the  only  cavity  which  it  contains.     No  apparatus  of 
secreting  tubes  or  cells  can  be  detected  in  it;  and  its  function  is  entirely 
unknown.     The  interspaces  of  the  vessels  are  filled  up  by  a  sort  of  polpf 
which,  according  to  Mr.  Gulliver  (Op.  cit.  p.  103),  is  composed  of  ferf 
minute  oil-like  spherules,  very  unequal  in  their  size,  varying  from  l-24D0(Hh 
to  l-6000th  of  an  inch  in  diameter,  their  average  size  being  about  1-lOOOOth. 
These  spherules  are  but  little  aflected  by  chemical  reagents,  and  their 
nature  is  very  uncertain.     In  many  Ruminant  animals,  the  minute  8ph^ 
rules  are  less  plentiful,  their  place  being  supplied  by  corpuscles  that  some- 
what resemble  lymph  globules  in  size,  but  are  often  of  a  reddish  colour, 
and  occasionally  of  an  oval  figure.     These  are  sometimes  found  in  the 
Human  subject  also,  particularly  in  early  life.     The  blood  of  the  supra-renal 
vein  has  been  observed  to  contain  numerous  minute  spherules,  which  cannot 
be  distinguished  from  those  of  the  gland;  similar  particles,  however,  may 
be  detected  in  the  blood  of  other  parts;  and  the  identity  of  these  is  still  a 

*  London  Medical  and  Physical  Journal,  Oct.  1820. 
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iDBlter  of  doubt.  The  Supra-reaal  capsules,  as  already  menlioned  ($  670), 
attain  a  large  size  very  early  in  ftelal  life,  lurpassing  the  true  kidneys  in 
dimeuBion  up  to  the  tenth  or  twefih  week.  As  la  tiie  case  in  the  spleen, 
the  lymphatics  are  of  large  size;  these  terminate  in  the  lumbar  glands. 
Their  arteries  are  derived  from  the  aorta,  the  renal,  and  the  phrenic;  their 
veins  open  into  the  vena  cava  on  the  right  side,  and  into  the  renal  vein  on 
the  lef^.  The  only  use  that  can  be  assigned  to  lliem  with  ahy  probability, 
is  thai  of  serving  as  a  means  of  conveying  into  the  veins  the  blood  trans* 
mitled  ihroiigh  the  renal  artery;  when  from  any  cause  the  secreting  func- 
tion of  the  kidneys  is  pardy  or  entirely  checked,  and  their  capillary  circu- 
lation in  consequence  stagnated.  This  idea  seems  to  derive  confirmation 
from  the  fact,  that  these  organs  have  proporlionably  the  largest  size  during 
the  development  of  the  kidneys;  when  their  secreting  function  can  scarcely 
be  supposed  to  have  commenced. 

7%ymus  and  TTiyroid  Glands. 
711.  The  Thymus  Gland,  also,  is  largest  in  the  ftetus,  i 
Ibe  size  of  the  body;  but  it  continues  to  grow  after  bi/lh,  i 
considerable  size  during  the  first  year,  after  which  it  gradually  diminishes, 
and  wholly  disappears  about  the  time  of  puberty.  According  to  the  accurate 
examination  of  its  structure,  recently  made  by  Sir  A.  Cooper,  it  is  com- 
posed of  lobules  which  may  be  drawn  out  and  separated  from  one  another, 
in  the  manner  of  a  siring  of  beads,  when  their  enveloping  capsule  has  been 
removed.  These  lobules  vary  in  size  from  that  of  the  head  of  a  pin,  to  that 
of  a  pea;  in  (heir  usual  pos 


n  proportion  to 
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they  are  disposed  around  a  large 

central  cavity  orreservoir.    When 

a  thin  slice  is  cut  from  one  of  the 

lobules,  a  number  of  small  cells 

are  seen  in  it;  and  these  are  filled 

vith  8  white  granular  fluid      The 

cells  open  into  a  cavity  at  the  base 

of  each  lobule;  and  the  cav    cs  of 

the  diflerent  lobules  are  connected 

by  a  channel,  which  passes  from 

one  to  the  other,  and  which  has 

occasioned  openings  leading  in  o 

a  common  reservoir,     Th  s  re 

■ervolr,  however,  has  no  efierent 

duct;  and  no  means  of  exit  can  be 

detected  for  its  contents,  except 

that  afi'orded  by  the  lymphatics, 

which  are  large,  and  terminate    ' 

directly  in  the  vena  cava;  their    j 

immediate  connection   with   the    i 

cavities  of  the  gland  has  not,  how-    ' 

ever,  been  demonstrated.     The    , 

fluid  of  the    Thymus  Gland  is    < 

whitish,  having  the  appearance  of    I 

chyle  or  cream;  it  rontaina  a  large    ■ 

namber  of  corpuscles,  which  are 

described  by  Mr.  Wilson,*  as  being  "  smaller  than  tho  blood-corpuscles, 

*  iluman  Anaioniy,  p.  557. 
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globular  and  oval  in  form,  irregular  in  outline,  variable  in  size,  and  pro- 
vided with  a  small  central  nucleus.  Mr.  Gulliver  considers  them  identical 
(as  Hewson  did  long  ago)  with  the  globules  which  are  found  in  the  lym- 
phatics and  lacteal  vessels  after  they  have  passed  through  the  glands;  and 
which  are  especially  abundant  in  the  mesenteric  glands  during  digestion. 
In  the  Human  foetus  this  fluid  has  been  only  found  by  Sir  A.  Cooper  in  a 
quantity  too  small  to  be  submitted  to  chemical  analysis;  but  from  the  thymic 
fluid  of  the  Calf,  which  exists  in  great  abundance,  the  following  results 
were  obtained.  One  hundred  parts  of  the  fluid  contained  sixteen  of  solid 
matter;  and  this  consisted  of  incipient  Fibrin,  Albumen,  Mucus  and  Muco- 
extractive  matter.  Muriate  and  Phosphate  of  Potassa,  Phosphate  of  Sodi, 
and  a  trace  of  Phosphoric  acid. 

712.  Of  the  nature  of  the  function  of  the  Thymus  Gland,  nothing  is  ee^ 
tainly  known.     By  Hewson  it  was  regarded  as  an  appendage  to  the  system 
of  lymphatic  glands;  and  this  doctrine  is  advocated  by  Mr.  Gulliver.     It  is 
remarked  by  Miiller,  that  it  appears  quite  vain  to  attempt  to  explain  by 
hypothesis  how  the  organ  can  contribute  to  the  formation  of  the  blood  in 
the  foetus  and  child;  and  that  **  every  hypothesis  which  regards  it  as  in 
organ  adapted  to  the  necessities  of  fcetal  life,  and  not  to  those  of  the  child, 
must  be  incorrect.*'     This  last  observation  appears  to  be  pK>inted  at  the 
theory  not  longsinc^  put  forth  by  Mr.  Tyson,*  that  the  office  of  the  Thyipiui 
is  to  receive  during  foetal  life  the  blood  which  is  afterwards  sent  to  the  longs; 
yet  in  support  of  this  theory  something  may  still  be  said.     It  is  well  known 
that,  although  the  respiratory  function  is  established  at  birth,  it  does  not  for 
some  time  come  into  full  activity.     The  lungs  are  small  in  proportion  to 
the  size  of  the  body;  the  amount  of  oxygen  consumed  is  much  less  thin 
in  the  adult  state;  and  the  power  of  generating  heat  is  comparatively  feeble 
(§  728).     During  infancy  and  childhood,  the  digestive  apparatus  is  unde^ 
going  rapid  development,  but  the  lungs  do  not  make  the  same  compantife 
progress.     About  the  period  of  puberty,  however,  their  evolution  becomes 
much  more  rapid,  and  their  function  more  energetic:  so  that,  at  this  time, 
as  is  well  known,  disorders  of  their  function,  leading  to  structural  Ghange5, 
are  more  common  than  at  any  other  period  of  life.     Now  the  disappearance 
of  the  Thymus  Gland,  pari  passu  with  the  evolution  of  the  lungs,  does 
appear  to  indicate  that  there  is  sometliing  vicarious  or  reciprocal  in  their 
function.     Moreover,  it  has  been  shown  that  one  of  these  vascular  masses 
somewhat  resembling  glands  in  structure,  but  having  no  secreting  ducts,  is 
found  in  connection  with  die  two  other  principal  excretory  organs, — the 
liver  and  the  kidneys.     It  may  be  said,  however,  in  reply,  that  the  lungs  do 
not  receive  their  principal  supply  of  blood  from  the  arterial  system,  hot 
from  the  venous,  so  that,  although  the  two  organs  are  in  proximity,  there  is 
no  direct  vascular  connection  between  them.     This  objection,  however,  has 
less  force  when  it  is  remembered,  that  up  to  the  time  of  birth, — the  period 
during  which  the  Thymus  gland  is  of  greatest  proportional  size, — little  or 
no  blood  proceeds  to  the  lungs  through  the  pulmonary  arteries;  but  that 
they  are  then  chiefly,  if  not  entirely,  supplied  by  the  bronchial  arteries;  and 
these  come  off  from  the  thoracic  aorta  at  no  great  distance  from  the  internal 
mammary  arteries,  which  supply  the  Thymus  gland,  and  are  the  lowest 
branches  of  the  subclavian.     It  is  through  the  bronchial  arteries  that  the 
blood  is  conveyed,  on  which  the  nutrition  of  the  Lungs  depends,  during  the 
whole  of  life;  and  the  history  of  the  development  of  these  organs,  compared 
with  that  of  the  Thymus  gland,  seems  to  indicate  that,  just  as  the  flow  of 

*  London  Medical  and  Surgical  Joamal,  1833. 


GENERAL  REVIEW  OF  THE  NUTRITIVE  FUNCTIONS.  547 

blood  through  the  one  diminishes,  that  which  takes  place  through  the  other 
increases.  It  is,  however,  also  true  (as  remarked  by  Mr.  Gulliver)  that  the 
Thymus  gland  diminishes  in  proportion  to  the  diminished  activity  of  the 
general  nutritive  functions;  and  that  its  fluid  decreases,  and  becomes  less 
rich  in  globules,  when  the  supply  of  food  is  insufficient,  or  the  animal  is 
prevented  by  other  causes  (such  as  over-fatigue)  from  duly  assimilating  it. 
At  present,  the  question  of  the  specific  use  of  this  body  must  be  left  in  un- 
certainty. 

713.  The  Thyroid  Gland  appears  to  have  a  structure  analogous  to  that 
of  the  Thymus;  but  less  is  known  respecting  it.  When  incised,  small  cells 
may  be  detected  in  it;  but  no  connection  has  yet  been  traced  between  them, 
nor  is  there  any  common  reservoir.  Like  the  Thymus,  this  body  has  no 
excretory  duct,  but  is  provided  with  large  lymphatics,  which  directly  enter 
the  great  veins.*  Though  proportionally  larger  in  the  foetus  than  in  the 
adolt,  it  remains  of  considerable  size  during  the  whole  of  life,  and  is  sup- 
plied with  large  arteries.  The  fluid  which  the  cells  contain  is  viscid  and 
nearly  colourless,  sometimes  having  a  yellowish  tinge;  when  put  into 
rectified  spirit,  it  becomes  solid  but  not  opaque;  and  it  probably  contains, 
therefore,  some  modification  of  albumen.  The  Thyroid  body  is  the  seat 
of  that  enlargement  of  the  neck,  which  is  known  as  goitre  or  bronchocele. 
In  the  commencement  of  this  disease,  there  seems  at  first  to  be  simply 
distension  of  the  cells  resulting  from  increased  secretion;  so  that  when 
the  body  is  cut  into,  no  change  of  structure  is  observed  in  it  but  such 
as  results  from  the  enlargement  of  the  cells,  which  are  of  various  sizes, 
nsnally  from  that  of  a  pea  downwards,  and  are  filled  with  a  more  or  less 
▼iscid  fluid.  In  more  advanced  cases,  however,  other  alterations  are  com- 
monly met  with,  resulting  probably  from  the  altered  vascular  action  gene- 
rated by  the  primary  aflection;  so  that,  when  the  tumour  is  cut  into,  steato- 
matous,  cartilaginous,  or  even  ossific  deposits  are  found  in  it. 


CHAPTER   XIII. 


GENERAL  REVIEW   OF  THE   NUTRITIVE   PROCESSES,   WITH   PRACTICAL   APPLI- 
CATIONS.  ANIMAL  HEAT. 

714.  The  detailed  survey  which  has  been  now  taken,  of  the  diflTerent 
Functional  operations  concerned  in  maintaining  the  life  of  the  individual, 
may  suggest  to  us  some  general  views  that  have  important  practical  appli- 
cations. In  the  first  place,  it  has  been  shown,  that  the  province  of  the 
Animal  is  not  to  combine  inorganic  elements  into  organic  compounds,  fit  to 
be  applied  to  the  purposes  of  nutrition;  but  to  use  those  which  are  prepared 
for  it  by  the  Plant.  The  nutritive  materials  thus  obtained  may  be  divided 
into  two  great  classes,  the  azotized  and  the  non-azotized.  The  former  have 
been  shown  (§  454)  to  be  so  nearly  identical  in  composition  with  the  proxi- 
mate principles  of  which  the  Animal  body  is  composed,  that  no  great 
amount  of  chemical  transformation  can  be  required  to  prepare  them  for 
being  appropriated  by  it.  The  latter  seem  very  different  in  character;  and 
yet  it  would  appear,  from  several  facts,  that  a  transformation  of  them  into 

*  See  King,  in  Guy's  Hospital  Reports,  Vol.  i. 
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azotized  compounds  may  take  place,  so  that  Animals  may  be  supported  for 
some  time  upon  aliment  belonging  to  the  saccharine  or  oily  groups.     Now 
there  are  two  opposite  states  of  the  system,  both  indicated  by  abnormal  con- 
ditions of  the  urinary  excretion  (for  these  conditions  can  only  be  regarded, 
in  a  sound  Pathology,  as  indicative  of  more  general  disorder),  in  which 
there  is  a  disturbance  of  the  due  relation  between  the  azotized  and  the  non- 
azotized  elements  of  the  body.     In  one  of  these,  known  as  the  **  gouty  or 
lithic  acid  diathesis,*'  the  tendency  to  the  production  of  azotized  compouods, 
which,  by  their  decomposition,  set  free  large  quantities  of  urea  and  lithic 
acid,  seems  to  be  excessive;  and  the  consequence  is,  that  there  is  not  only 
a  very  abnormal  amount  of  these  compounds  in  the  urine,  but,  the  kidn^ 
not  being  able  to  separate  them  entirely  from  the  blood,  deposits  of  lithic 
acid  take  place  in  other  parts,  attended  with  symptoms  of  a  very  severe 
kind,  which  are  doubtless  referrible  to  the  disordered  condition  of  the  Uood. 
On  the  other  hand,  in  the  ''  diabetic  or  saccharine  diathesis,"  there  appeal* 
to  be  an  inability  on  the  part  of  the  system  to  effect  the  due  conversion  of 
the  non-azotized  into  the  azotized  principles;  and  even  in  the  decomposittoa 
of  the  latter,  there  is  an  undue  tendency  to  the  production  of  sugar  rather 
than  of  urea,  which  seems  to  indicate  that  they  have  been  imperfectly  assi* 
milated  in  the  first  instance.     Now,  over  both  these  forms  of  disease,  a 
careful  regulation  of  the  diet  exercises  a  powerful  control.   A.  patient  afiedod 
with  the  gouty  diatliesis  may  palliate,  if  not  altogether  cure,  bis  disorder,  by 
rigorously  abstaining  from  the  use  of  azotized  compounds  as  food,  and  by 
subsisting  entirely  upon  those  belonging  to  the  saccharine  group,  especiallj 
those  various  forms  of  farinaceous  matter,  which  are  so  abundantly  yielded 
by  the  Vegetable  kingdom.     Ordinary  wheaten  bread  contains  so  large  a 
proportion  of  gluten,  tliat  it  must  be  ranked  under  the  proscription;  and  rice, 
sago,  arrowroot,  or  potatoes,  should  be  substituted  for  it.    It  is  by  no  means 
every  case,  however,  that  is  capable  of  alleviation  by  treatment  of  this  kind; 
in  fact,  it  can  seldom  be  rigorously  enforced,  except  in  early  life,  or  at  any 
rate  when  the  constitution  is  unbroken  by  disease  or  intemperance.     Not 
unfrequently  it  will  be  found,  that  the  exclusive  employment  of  a  vegetable 
diet  occasions  so  much  disorder  of  the  stomach,  as  to  be  quite  out  of  the 
question. — The  results  of  some  late  investigations  on  the  exclusive  employ- 
ment of  azotized  principles  as  articles  of  diet,  in  the  treatment  of  saccharine 
diathesis,  appear  to  be  nearly  as  favourable.     The  plan  was  long  since  pro- 
posed by  Dr.  Rollo;  and  when  the  diseased  condition  has  not  been  compli- 
cated by  other  maladies  (as  is  not  unfrequently  the  case),  the  rigorous 
enforcement  of  such  a  diet  has  been  attended  with  success  in  numeroas 
instances.     One  of  the  greatest  difficulties  in  the  application  of  the  system, 
however,  has  arisen  from  the  longing  which  the  patients  experience  for 
vegetable  food;  since  this  tempts  them  to  gratify  their  appetites,  to  the  com- 
plete prejudice  of  the  remedial  system, — a  very  small  amount  of  farinaceous 
matter  being  sufficient  to  cause  the  re-appearance  of  the  Sugar,  after  it 
seemed  to  be  entirely  got  rid  of.     It  has  been  recently  proposed  by  M. 
Bouchardat  to  gratify  this  longing  to  a  certain  degree,  by  allowing  the  use 
of  bread  made  of  wheaten  flour,  from  which  nearly  all  the  fecula  has  been 
separated, — the  gluten  only  being  left,  with  such  a  small  amount  of  fecolt 
as  may  serve  to  make  it  rise  in  fermentation;  so  that  it  is  as  free  from 
unazotized  constituents  as  the  average  of  animal  substances.     This  plan  is 
stated  to  have  been  very  successfully  practised.* 

715.  The  alimentary  materials,  reduced  by  the  digestive  process,  are 

*  See  Comptcs  Renducs  de  TAcademie  Royale,  1841. 


ANIMAL  HEAT.  549 

first  converted,  as  we  have  seen,  into  the  form  of  Albumen;  and  this  serves 
as  the  pahulum  from  which  are  elaborated  those  compounds,  that  actually 
form  part  of  the  organized  structure.  Reason  has  been  given  for  the 
belief  that  Albumen,  as  such,  does  not  enter  into  the  composition  of  the 
solid  tissues,  and  that  it  never  possesses  properties  which  can  be  distin- 
guished from  those  of  ordinary  chemical  compounds.  But,  whilst  circu- 
lating through  the  vessels  of  the  living  body,  a  change  is  gradually  pro- 
duced in  this  principle;  its  particles  seem  to  undergo  a  new  arrangement, 
without  anv  essential  modification  of  their  state  of  chemical  combination: 
and  it  manifests  properties  altogether  different  from  those  of  any  mere 
physical  agent,  and  therefore  deserving  of  the  appellation  vital.  In  this 
Btate  it  is  known  as  Fibrin;  the  difference  of  which  from  Albumen  essen- 
tially consists  in  its  tendency  to  undergo  organization.  The  coagulation  of 
Fibrin,  whether  in  the  blood  or  in  organizable  lymph,  is  the  first  step  in  the 
process;  and  the  degree  to  which  it  is  carried  depends,  as  has  been  shown, 
on  the  proximity  of  a  living  surface  (§  659).  Albumen  enters  into  the 
composition  of  most  of  the  secretions,  without  undergoing  any  considerable 
alteration;  and  it  is  probable  that  the  Gelatin  also,  which  forms  so  large  a 
proportion  of  the  solid  matter  of  the  body,  is  elaborated  from  it.  Reason 
has  been  given  for  the  belief  that  the  gelatinous  part  of  the  tissues  is  not  in 
a  state  of  organization  (or  at  any  rate  possesses  but  a  very  imperfect 
atmcture),  being  merely  deposited  in  the  cells,  tubes,  or  areolae,  which  are 
left  by  the  network  of  the  fibrinous  tissues;  the  same  is  to  be  said  of  the 
oily  constituents  of  fat,  and  also  of  the  mineral  ingredients  of  the  hard  parts. 
The  conversion  of  the  Albumen  into  Fibrin,  therefore,  is  an  essential  step 
in  the  process  of  assimilation;  and,  if  the  vital  powers  of  the  system  be  too 
low  to  effect  this,  the  albumen  accumulates  in  an  excessive  degree,  and  is 
liable  to  be  deposited  in  an  unorganized  state,  forming  what  is  known  as 
tabercnlar  matter  (§  609),  or  to  find  its  way  into  the  urine,  at  the  same  time 
involving  disease  of  the  kidney.  Hence  the  essence  of  what  is  termed  the 
**  strumous  diathesis*'  may  be  regarded  as  a  low  condition  of  those  vital 
powers,  which  are  concerned  in  the  conversion  of  the  Albuminous  materials 
prepared  by  the  digestive  process,  into  the  Fibrinous  matter  which  is  ready 
for  assimilation;  so  that,  by  a  perversion  of  the  ordinary  nutrient  actions, 
albuminous  tubercle  is  deposited  in  the  interstices  of  the  tissues,  instead  of 
these  tissues  being  themselves  regenerated  by  organizable  fibrin;  and  the 
aame  may  take  place  in  a  more  rapid  manner,  in  consequence  of  that 
disturbance  of  the  nutrient  processes,  which  is  known  in  healthy  constitu- 
tions as  Inflammation.  It  is  obvious,  then,  that  the  treatment  of  the 
atramous  diathesis  should  be  directed  towards  the  invigoration  of  the 
general  powers  of  the  system;  and  although,  when  disease  of  the  chest  has 
once  established  itself,  a  warm  damp  atmosphere  may  be  necessary  as  a 
preventive  of  inflammatory  affections,  it  is  a  great  mistake  to  imagine  that 
such  a  plan  is  applicable  to  those  in  whom  there  is  merely  a  strumous 
predisposition;  for  this  should  be  combated  by  such  means  as  are  calculated 
rather  to  brace  than  to  relax  the  system,  especially  out-door  exercise, 
nutritious  diet,  and  an  airy  and  well-ventilated  habitation.  There  can  be 
no  doubt  that  the  tuberculous  cachexia  is  encouraged,  and  even  developed, 
by  injudicious  management  during  the  early  ages  of  life,  in  many  cases 
where  it  might  have  been  avoided.*  The  frequent  connection,  now  very 
generally  recognised,  between  deficient  respiration  and  albuminuria,  seems, 

*  See  the  excellent  works  of  Sir  James  Clark,  in  which  the  importance  of  hygienic 
treatment  is  strongly  insisted  on. 
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ia  conjunction  with  numerous  other  phenomena,  to  indicate  that  the  latter 
disease  is  rather  of  constitutional  than  of  local  origin,  and  must  be  treated 
accordingly.  The  abnormal  quantity  of  albumen  which  is  found  in  the 
blood  in  this  disease  (§  595),  appears  of  itself  a  sufficient  evidence  in  favour 
of  this  view.  Hence  the  deposition  of  granular  matter  in  the  kidney,  and 
the  degeneration  of  its  proper  structure,  will  come  to  be  regarded  as  only  a 
consequence  of  the  state  of  the  blood  peculiar  to  the  disease;  just  as  the 
substitution  of  tubercular  deposit  for  organized  or  organizable  matter  in  the 
lungs,  is  but  a  manifestation  of  the  scrofulous  diathesis,  the  real  character 
of  which  is  to  be  looked  for  in  the  disordered  condition  of  the  assimilatiog 
processes. 

716.  From  what  has  been  stated  in  Chap,  ix,  respecting  the  natoie 
of  the  Function  of  Circulation,  it  is  evident  that  primary  disorders  of  that 
function  are  not  nearly  so  frequent  as  they  are  ordinarily  supposed  to  be; 
and  that  the  proximate  cause  of  morbid  phenomena  is  seldom  to  be  foand 
in  them.  Bv  the  action  of  the  heart  and  blood-vessels,  the  nutrient  floid 
which  has  been  prepared  from  the  alimentary  materials  submitted  to 
tlie  digestive  apparatus,  is  conveyed  to  the  tissues  which  it  is  to  nourish; 
but  the  true  process  of  Nutrition  is  independent  of  this,  and  may  take 
place  after  the  motion  of  the  fluid  has  ceased,  just  as  it  commences  before 
any  movement  shows  itself.  For  the  tissue  which  exists  in  the  embryo, 
during  the  early  period  of  its  developement,  and  also  in  any  newly-fonninf 
part,  is  destitute  of  vessels,  consisting  only  of  cells;  and  these  grow  and 
reproduce  themselves  at  the  expense  of  the  nutritive  materials  supplied  to 
them  from  without,  just  as  docs  the  whole  mass  of  a  Cellular  Plant.  More* 
over  it  has  been  shown  (§  511),  that  the  activity  of  the  nutrient  processes 
has  much  to  do  with  the  movement  of  the  fluid  through  the  smaller  ves- 
sels, and  is  a  cause  rather  than  a  consequence  of  it.  If  the  action  of  the 
heart  cease,  the  whole  circulation  must  obviously  come  to  a  stand  ere  loiig: 
but  in  many  animals  the  capillary  movement  may  continue  for  some  time 
after  the  gennral  circulation  has  been  checked;  and,  so  long  as  blood  vi 
supplied  to  .^le  parts,  so  long  may  their  nutrition  continue,  provided  other 
circumstances  be  favourable.  It  is  unquestionably  true,  that  the  cessation 
of  the  circulation  is  usually  the  immediate  cause  of  Death;  and  that  when 
the  suspension  is  permanent,  the  loss  of  the  vitality  of  Uie  system,  con- 
sidered both  as  a  whole,  and  as  made  up  of  distinct  parts,  is  a  necessary 
consequence.  But  still,  we  find  that  the  cause  of  this  cessation  seldooi 
originates  in  the  circulating  apparatus  itself.  The  two  chief  modes  of 
Death  are  Syncope  and  Asphyxia.  In  the  former,  the  circulation  comes 
to  a  stand,  simply  through  want  of  power  in  the  propelling  organs  to  move 
the  blood;  this  want  of  power  may  result  from  a  variety  of  causes.  Long- 
continued  deficiency  in  the  quantity,  or  depravation  of  the  quality,  of  the 
blood,  may  have  induced  insufficient  nutrition  of  the  heart;  and  its  mus- 
cular power  may  thus  be  gradually  lost.  This  is  a  very  common  mode  of 
Death,  as  a  sequence  of  exhausting  disease.  More  commonly,  however, 
the  cessation  of  the  heart's  action  is  sudden,  and  results  from  some  impres- 
sion propagated  to  it  through  the  nervous  system;  thus  mental  emotion,  sud- 
den loss  of  blood,  concussion  of  the  nervous  centres,  injuries  extensively 
involving  the  nervous  ramifications,  &c.,  seem  to  have  an  immediately-de- 
pressing effect  on  the  heart's  action;  and  in  many  of  these  cases,  the  circu- 
lation is  checked  not  merely  at  the  centre  but  also  at  the  periphery, — the 
vitality  of  tlie  system  at  large,  and  of  the  blood,  being  equally  affected  with 
that  of  the  heart  (§  583).  The  heart's  action  may  be  checked  by  causes 
whose  action  is  purely  local;  as  appears  from  Mr,  Blake's  experiments  for- 
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merly  referred  to($  491).  But  it  is  probably  seldom,  in  any  ordinary  condi- 
tion of  the  system,  that  such  local  action  can  occur;  and  a  disturbed  state  of 
the  circulation  is  therefore  to  be  generally  looked  upon  rather  as  a  result 
than  as  a  cause  of  diseased  action.  An  extreme  case  of  such  a  disturbance, 
which,  when  sufficiently  prolonged,  is  attended  with  fatal  results,  is  to  be 
found  in  Asphyxia;  in  which  the  cessation  of  the  action  of  the  lungs  induces 
a  stagnation  of  the  blood  in  their  capillaries;  and  as,  in  warm-blooded  ani- 
mals, the  whole  current  of  blood  has  to  pass  through  the  lungs,  before  pro- 
ceeding again  to  the  system,  a  total  suspension  of  the  circulation  necessarily 
results  from  this  interruption  (§§  508  and  546-8).  Now  if  we  take  this 
(which  it  appears  reasonable  to  do)  as  a  type  of  a  great  number  of  morbid 
conditions  of  different  organs,  we  are  led  to  see  why  a  serious  disturbance 
of  the  movement  in  any  one  part  should  affect  the  entire  circulating  appara- 
tus, and  should  thus  influence  its  flow  through  almost  every  other  organ. 
There  are  no  other  organs,  however,  in  which  a  stagnation  can  be  so  serious 
as  in  the  lungs;  since  there  are  none  through  which  the  whole  current  flows. 
The  liver  ranks  next  in  importance,  since  all  the  venous  blood  collected 
from  the  chylopoietic  viscera  passes  through  it;  and  every  practical  man  is 
aware  how  frequently  derangement  of  the  circulation  through  the  liver,  ori- 
ginating in  an  unhealthy  state  of  the  gland  itself,  is  a  cause  of  serious  dis- 
orders in  the  abdominal  viscera.  Minor  irregularities  in  the  circulation,  in 
various  parts,  not  unfrequently  become  causes  of  serious  inconvenience. 
Thus,  few  conditions  are  more  common,  especially  amongst  persons  of  active 
minds  but  inert  habits,  than  undue  determination  of  blood  to  the  head,  con- 
j,oined  with  torpor  of  the  circulation  through  the  skin,  especially  that  of  the 
extremities,  which  are  ordinarily  cold.  The  obvious  indication  here  is,  to 
endeavour  to  restore  the  balance  of  the  circulation;  and  excitement  of  the 
flow  of  blood  through  the  skin,  by  frictions,  moderately-stimulating  applica- 
tions, exercise,  &c.,  will  commonly  prove  of  great  utility. 

717.  There  are  many  disorders  commonly  regarded  as  affections  of  the 
Circulation,  which  evidently  consist  in  reality  of  a  morbid  alteration  in  the 
Nutritive  processes;  among  these  there  can  be  little  doubt  that  we  are  to 
rank  Inflammation.  Much  has  been  said  and  written,  to  very  little  purpose, 
respecting  the  essential  nature  of  this  process;  it  has  been  attributed  by  some 
to  disordered  action  of  the  vessels,  and  by  others  to  an  injurious  impression 
on  the  nerves, — the  fact,  that  inflammation  may  occur  in  tissues  which  con- 
tain neither  vessels  nor  nerves,  having  been  entirely  overlooked.  The  only 
Tiew  of  the  character  of  Inflammation  that  seems  likely  to  account  for  its 
phenomena,  is  that  which  regards  it  as  essentially  consisting  in  a  disturbance 
of  the  due  relation  between  the  living  tissue  and  the  nutrient  materials  con- 
tained in  the  blood.  As  to  the  nature  of  this  disturbance,  we  know  no  more 
than  we  do  of  the  nature  of  the  relation  itself;  and  the  expression  must,  for 
the  present,  have  somewhat  of  a  vague  and  indefinite  character.  Neverthe- 
less, it  is  much  better  to  have  a  dim  vision  of  the  true  beacon,  than  to  be  led 
astray  by  the  more  attractive  glare  of  false  lights;  and  whilst  the  specious 
hypotheses,  which  profess  to  make  the  whole  subject  easy  of  comprehension, 
are  found  to  be  more  fallacious,  the  more  they  are  examined  into, — the  one 
just  adverted  to  becomes  more  satisfactory,  the  more  it  can  be  connected 
with  precise  data.  That  there  must  be  a  certain  relation  or  adaptiveness, 
between  the  substance  of  the  tissues,  and  the  materials  at  whose  expense 
they  are  formed,  appears  sufficiently  evident.  It  has  been  pointed  out  that 
the  albumen  of  the  blood  is  converted,  during  its  circulation,  into  fibrin;  and 
that  ihe  fibrin  is  withdrawn,  and  assimilated  by  the  solid  parts.  In  the  tuber- 
culous cachexia,  it  has  been  shown  that  the  fibrin  is  deficient,  and  that  the 
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tissues  are  consequently  nourished  but  imperfectly,  whilst  nnorgaiiizible 
albumen  is  deposited  amongst  them.     On  the  other  hand,  in  the  inflamma- 
tory diathesis,  there  is  probably  an  increased  tendency  in  the  blood  to  the 
generation  of  fibrin;  and  this,  by  disturbing  the  due  relation  between  the 
nutritive  fluid  and  the  solid  tissues,  may  become  a  cause  of  local  diseaBe,— 
the  morbid  action  which  results  from  this  condition  of  the  blood  being  deter- 
mined to  a  particular  part  by  some  extraneous  causes.    In  this  morbid  action, 
fibrinous  matter  is  effused,  either  into  the  substance  of  the  tissue  aflfected,  or 
upon  its  surface;  there  is  a  tendency  to  organization,  but  in  both  cases  its 
degree  may  vary, — a  perfectly-formed  tissue  being  produced,  or  a  degene- 
ration taking  place  into  pus-globules,  according  to  circumstances  ($  606). 
Inflammation  may  result,  however,  from  causes  purely  local,  and  primaniy 
affecting  the  solid  tissues;  here,  therefore,  the  disturbance  of  the  normal 
relation  is  on  the  other  side,  yet  the  production  of  an  increased  amoont  of 
fibrin  is  still  a  character  of  the  disease.     Whether  the  blood  moves  faster  or 
slower  in  an  inflamed  part, — whether  the  capillaries  are  contracted  or  dila- 
ted,— are  questions,  therefore  of  little  moment,  in  comparison  with  those 
which  affect  the  actions  of  Nutrition  and  Secretion,  to  which  the  fluid, 
in  its  passage  through  the  parts  in  question,  ought  to  be  subservient.    The 
same  may  be  remarked  of  those  productions  which  have  been  termed  heti- 
rologous  transformations  of  tissue;  but  which  are  rather  to  be  regarded  ti 
new  growths,  that  have  appropriated  the  nutriment  designed  for  the  support 
of  the  proper  tissues,  and  have  tlierefore  become  developed  at  the  expenie 
of  these.   It  is  quite  as  absurd  to  attempt  to  account  for  the  growth  of  Sci^ 
rhus,  Carcinoma,  &c.,  by  any  peculiar  action  of  the  vessels  of  the  part,  as  it 
would  be  to  attribute  the  secretion  of  fatty  matter  by  the  cells  of  one  tissue, 
or  of  phosphate  of  lime  by  those  of  another,  to  the  peculiar  distribntion  of 
their  vessels.     The  progress  of  research  obviously  leads  to  the  conclosioOf 
that  in  every  part  of  the  living  body  there  is  an  inherent  and  independent 
vitality,  which  enables  it  to  grow  and  maintain  its  normal  structure  and  con- 
stitution, so  long  as  it  is  supplied  with  the  requisite  materials;  and  that 
changes  in  the  character  of  the  tissue  can  be  referred  to  nothing  else  than  to 
alterations  in  its  properties,  resulting  from  external  agencies,  or  to  alterations 
in  the  materials  supplied  for  its  renewal.     Of  these  two  morbific  causes,  the 
latter  is  undoubtedly  the  most  frequent;  and  the  tendency  which  is  now 
gaining  ground,  to  seek  in  the  Flood  for  indications  of  pathological  changes, 
when  there  is  an  obvious  general  disturbance  of  the  system,  will  probably 
lead  to  a  greatly-increased  knowledge  of  the  real  nature  of  diseased  states; 
in  spite  of  the  opposition  which  any  return  to  the  Humoral  Pathology  is  sure 
to  excite,  in  the  minds  of  those  who  regard  it  as  an  exploded  and  pernicious 
system. 

717.  The  Sympathy  between  different  parts  of  the  system,  which  espe- 
cially manifests  itself  in  the  tendency  to  simultaneous  affection  with  the  same 
disease,  affords  an  excellent  illustration  of  this  principle.  Of  those  sympa- 
thetic actions,  which  result  from  the  nervous  connections  of  the  various  or- 
gans, tliis  is  not  the  place  to  speak ;  since  we  are  at  present  concerned  with 
those  perversions  of  the  nutritive  processes,  which  give  rise  to  inflammatoiy 
and  otlier  diseases.  Where  a  certain  tissue,  throughout  the  body,  is  similarly 
affected,  there  is  strong  reason  to  presume  that  the  morbitic  cause  is  con- 
veyed to  it  in  the  blood;  tliis  is  tlie  case,  for  example,  with  regard  to  the 
mucous  membranes,  wliich  all  manifest  a  tendency  to  inflammation,  when 
arsenic  has  been  received  into  the  system;  and  certain  forms  of  the  disease 
commonly  tx3nned  Influenza  are  marked  by  a  similar  disposition.  The  same 
may  be  said  in  regard  to  inflammation  of  tlie  fibrous  membranes,  the  fil»o<el- 
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lular  tissue,  serous  membranes,  and  other  stnictures.  It  has  been  considered  a 
suiiicient  account  of  tliese  consentaneous  affections,  to  say  that  tliey  result 
from  sympathy, — a  mere  verbal  quibble,  which  explains  nothing.  If,  on  the 
other  hand,  we  regard  tlie  disease  as  a  perversion  of  the  ordinary  processes 
of  nutrition,  secretion,  &c.,  and  as  dependent  upon  an  abnormal  condition  of 
the  blood  f  such  as  is  induced  by  the  introduction  of  a  poison  into  it),  the  ra- 
tionale of  tne  sympathetic  disturbance  becomes  apparent, — since  all  the  tis- 
sues of  the  same  kind  will  of  necessity  be  similarly  aflected,  although  some 
local  cause  may  occasion  one  to  suffer  more  severely  than  another.  In  the 
ingenious  paper  by  Dr.  W.  Budd  already  referred  to  (§  590),  the  perfect  cor- 
respondence which  not  unfrequently  manifests  itself  between  the  diseased  ac- 
tions on  the  two  sides  of  the  body,  is  adduced  in  support  of  the  same  view, 
to  which  it  is  made  to  afford  very  striking  confirmation.  The  fact  that  tliis 
kind  of  sympathy  not  unfrequently  manifests  itself  between  tissues  having 
an  analogous  structure  but  very  different  function,  is  another  argument  in 
favour  of  the  same  view;  of  this  fact,  the  sympatliy,  of  which  every  practi- 
cal man  is  aware,  between  the  skin  and  mucous  membranes,  is  a  very  good 
example.  The  sympathy  of  the  different  tissues  forming  any  indiividual 
organ,  by  which  disease  in  one  becomes  a  cause  of  disorder  in  the  rest,  is, 
however,  to  be  very  differendy  explained.  We  have  examples  of  this  in  in- 
flammatory affections  of  the  mucous  membranes,  which  usually  extend  them- 
selves to  die  remaining  constituents  of  the  organs  of  which  they  form  a  part ; 
and  in  those  of  the  serous  membranes,  which  almost  always  follow  inflam- 
mation of  the  organs  they  invest.  Here  the  local  disturbance  of  one  part  ap- 
pears sufficient  to  account  for  the  extension  of  it  to  another  that  is  closely 
connected  with  it  by  vessels  and  nerves ;  this  has  been  termed  the  sympathy 
of  contiguity.  The  fibrous  membranes  are  less  liable  to  be  affected  in  this 
manner,  than  are  most  other  tissues ;  and  the  reason  appears  simply  this, — 
that  there  is  usually  less  vascular  connection  between  them  and  the  subjacent 
parts,  than  there  is  in  the  case  of  the  serous  membranes.  Hence  the  fibrous 
membranes  frequently  act  as  insulators,  preventing  the  spread  of  disease  to 
adjacent  parts. 

718.  The  general  characters  of  the  processes  of  Nutrition  and  Secretion 
are  so  nearly  allied,  that  what  has  been  stated  of  the  Pathological  states  of 
the  formef,  is  nearly  as  applicable  to  those  of  the  latter.  Although  it  is  un- 
qtiestionaMe  that  disordered  Secretion  may  result  from  a  purely  local  cause, 
acting  on  the  solid  tissue  of  the  part  affected,  yet  there  is  also  increasing  rea- 
son to  believe,  that  in  a  large  number  of  cases,  the  abnormal  character  of  the 
secretion  is  in  reality  a  result  of  the  abnormal  state  of  the  blood  from  which 
it  is  separated ;  and  that  the  organ  itself  is  still  performing  a  healthy  func- 
tion, in  separating  from  the  blood  that  which  would  be  injurious  to  it.  This 
leads  us  to  refer  such  disorders  to  causes  much  more  remote  than  those 
which  were  formerly  supposed  to  operate ;  but  they  are  undoubtedly  nearer 
the  true  ones.  Such  a  view  has  been  prosecuted  by  Dr.  Prout  in  regard  to 
the  abnormal  conditions  of  the  Urine,  with  great  success ;  and  there  can  be 
little  doubt  that  it  is  also  applicable  to  the  Biliary  secretion,  on  the  true 
chemical  nature  of  which  there  is  scarcely  yet  an  agreement  amongst  Che- 
mists, and  whose  pathological  conditions,  therefore,  are,  and  must  long  remain, 
comparatively  obscure.  It  is  obvious  that,  if  the  assimilation  of  nutritive 
matter  be  in  any  respect  wrongly  performed,  the  products  of  the  decomposi- 
tion of  the  tissues  (in  which  these  secretions  probably  originate,  §  648)  must 
also  be  different ;  and  our  remedial  measures  must  often  be  directed,  there- 
fore, not  so  much  to  the  secreting  organ,  as  towards  the  previous  operations. 
These  hints,  which  may  to  some  appear  of  too  abstract  a  character  to  be  of 
70 
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any  practical  value,  are  introduced  here,  for  the  purpose  of  directing  the  intel- 
ligent student  in  the  path  that  will  conduct  him  to  fields  of  inquiry  scarcely 
yet  trodden,  and  fertile  in  the  most  valuable  results.  In  the  present  un- 
settled state  of  opinion  upon  many  of  the  highest  questions  in  Pathology,  it 
would  be  absurd  to  attempt  to  lay  down,  in  a  dogmatic  form,  what  is;  but 
much  may  be  done,  by  purifying  tlie  science  of  what  is  not;  and  here  a 
sound  Physiology  alfords  most  valuable  assistance. 

Animal  Heat. 

719.  All  the  vital  actions  that  have  been  considered  in  the  preceding 
pages,  require  a  certain  amount  of  heat  as  a  condition  of  their  perfonnance; 
and  in  the  more  elevated  tribes  of  animals,  in  which  (for  the  very  porposet 
of  their  creation)  a  high  degree  of  constancy  and  regularity  is  required  in 
these  actions,  there  is  a  provision  within  themselves  for  the  maintenance  of 
their  temperature  at  a  certain  standard.  We  shall  inquire,  in  the  first  [dace, 
into  the  amount  of  heat  thus  generated  by  Man;  and  then  into  the  sooroes 
of  its  production. 

720.  Our  present  knowledge  of  the  temperature  of  the  Human  body 
under  different  circumstances,  is  chiefly  due  to  the  investigations  of  Dr.  J. 
Davy.  Much  additional  information  may  be  expected,  however,  from  in- 
quiiies  which  are  at  present  in  progress.  Dr.  Davy*s  observations*  have 
included  114  individuals  of  both  sexes,  of  different  ages,  and  among  vari- 
ous races,  in  different  latitudes,  and  under  various  temperatures;  the  external 
temperature,  however,  was  in  no  instance  very  low,  and  the  variations  were 
by  no  means  extreme.  The  mean  of  tlie  ages  of  all  the  individuals  was 
twenty-seven  years.  The  following  is  a  general  statement  of  the  resdiit 
the  temperature  of  the  body  being  ascertained  by  a  thermometer  placed 
under  the  tongue. 

Temperature  of  the  air  60°      Average  temperature  of  the  body  98*28* 

"  ««         "  79-5°        "  "  "      99*2P 

80°  **  **  "      99*67** 


a  a  i« 


(I  «i         <«  82°  **  "  •*  99*9' 

Mean  of  all  the  experiments  74°  Mean  of  all  the  experiments  100' 

Highest  temperature  of  air    82°  Highest  temperature  of  body  102** 

Lowest  temperature  of  air     60°  Lowest  temperature  of  body  96'6' 

From  this  we  see  that  the  variations  noted  by  Dr.  Davy,  which  were  evi- 
dently in  part  the  consequence  of  variations  in  temperature,  but  which  were 
also  partly  attributable  to  individual  peculiarities,  amounted  to  5^  degrees; 
the  lower  extreme  would  probably  undergo  still  further  depression,  if  the 
inquiries  were  carried  on  in  very  cold  climates.  The  temperature  of  the 
body  may  be  affected  by  internal  as  well  as  by  external  causes;  thus  in 
diseases  which  involve  an  accelerated  pulse  and  an  augmented  respiratioD, 
the  temperature  is  generally  higher  than  usual,  even  though  a  large  portion 
of  the  lung  may  be  unfit  for  its  function.  This  is  often  remarkably  seen 
in  the  last  stages  of  Phthisis,  when  the  inspirations  are  extremely  rapi<I« 
and  the  pulse  so  quick  as  scarcely  to  admit  of  being  counted;  the  skin,  in 
such  cases,  often  becomes  almost  painfully  hot.    On  the  other  hand,  in  dis- 

*  Philos.  Transact.,  republished  in  Anatomical  and  Physiological  Researches. 


ANIMAL  HEAT.  555 


eases  of  the  contrary  cliaracter,  such  as  Asthma  and  the  Asiatic  Cholera, 
the  temperature  of  the  body  falls,  sometimes  to  the  extent  of  20  degrees. 
The  following  observations  have  been  made  on  this  subject  by  M.  Donne;* 
it  is  much  to  be  desired,  however,  that  fuller  data  could  be  collected  on  the 
subject.  In  a  case  of  puerperal  fever,  the  pulse  being  168,  and  the  respi- 
rations 48  per  minute,  the  temperature  was  104°.  In  a  case  of  hypertrophy 
of  the  heart,  the  pulse  being  150  and  the  respirations  34,  the  temperature 
was  103°.  In  a  case  of  typhoid  fever,  the  pulse  being  136  and  the  respi- 
rations 50,  the  temperature  was  104°.  And  in  a  case  of  phthisis,  the  pulse 
being  140  and  the  respirations  62,  the  temperature  was  102°.  On  the  other 
hand,  in  a  case  of  jaundice,  in  which  the  pulse  was  but  52,  the  temperature 
was  only  96*40°;  but  the  same  temperature  was  observed  in  a  case  of 
diabetes,  in  which  the  pulse  was  84.  The  limited  results  of  M.  D.'s 
experiments,  whilst  they  clearly  indicate  that  a  general  relation  exists 
between  the  temperature  of  the  body  and  the  rapidity  of  the  pulse,  also 
show  that  this  relation  is  by  no  means  invariable,  but  that  it  is  liable  to 
be  aiTected  by  several  causes,  of  which  our  knowledge  is  as  yet  very 
limited.  Dr.  Dunglison  speaks  of  having  frequently  seen  the  thermometer 
at  106°  in  scarlatina  and  typhus;  and  Dr.  Edwards  mentions  a  case  of 
tetanus,  in  which  it  rose  to  110J°. 

721.  Although  there  appears  to  be,  for  all  species  of  animals,  a  distinct 
limit  to  the  variations  of  bodily  temperature,  under  which  their  vital  opera- 
tions can  be  carried  on,  this  limitation  does  not  prevent  animals  from  exist- 
ing in  the  midst  of  great  diversities  of  external  conditions;  since  they  have 
within  themselves  the  power  of  compensating  for  these,  in  a  very  extra- 
ordinary degree.  This  power  seems  to  exist  in  Man  to  a  higher  amount 
than  in  most  other  animals;  since  he  can  not  only  support  but  enjoy  life 
under  extremes,  either  of  which  would  be  fatal  to  many.  In  many  parts 
of  the  tropical  zone,  the  thermometer  rises  every  day  through  a  large 
portion  of  the  year  to  110°;  and  in  British  India  it  is  said  to  be  seen  occa- 
sionally at  130°.  On  the  other  hand,  the  degree  of  cold  frequently  sus- 
tained by  Arctic  voyagers,  and  quite  endurable  under  proper  precautions, 
appears  much  more  astonishing;  by  Capt.  Parry,  the  thermometer  has  been 
seen  as  low  as  — 55°,  or  87°  below  the  freezing  point;  by  Capt.  Franklin  at 
— 58°,  or  90°  below  the  freezing  point;  and  by  Capt.  Back  at  — ^70°,  or 
102°  below  the  freezing  point.  In  both  cases  the  effect  of  the  atmospheric 
temperature  on  the  body  is  greatly  influenced  by  the  condition  of  the  air 
as  to  motion  or  rest;  thus,  every  one  has  heard  of  the  almost  unbearable 
oppressiveness  of  the  sirocco  or  hot  wind  of  Sicily  and  Italy,  the  actual 
temperature  of  which  is  not  higher  than  has  often  been  experienced  with- 
out any  great  discomfort  when  the  air  is  calm;  and,  on  the  other  side,  it 
may  be  mentioned  that,  in  the  experience  of  many  Arctic  voyagers,  a  tem- 
perature of — 50°  may  be  sustained,  when  the  air  is  perfectly  still,  with  less 
inconvenience  than  is  caused  by  air  in  motion  at  a  temperature  fifty  degrees 
higher.  This  is  quite  conformable  to  what  might  be  anticipated  on  physical 
principles. 

722.  Again,  the  degree  of  moisture  contained  in  a  heated  atmosphere 
makes  a  great  difference  in  the  degree  of  elevation  of  temperature  which 
may  be  sustained.  Many  instances  are  on  record,  of  a  heat  of  from  250°  to 
280°  being  endured  in  dry  air  for  a  considerable  length  of  time,  even  by 
persons  unaccustomed  to  a  peculiarly  high  temperature;  and  persons  whose 
occupations  are  such  as  to  require  it,  can  sustain  a  much  higher  degree  of 

•  Archives  Gcnerales,  Oct.  1835;  and  Brit,  and  For.  Med.  Rev.  Vol.  u.  p.  348. 
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heat;  though  nol  perhaps  Tor  any  treat  Icnst'i  of  :;r3?.  Ti=  t  -; 
the  hie  Sir.  F.  Chantri-  have  been  uMUi^ioiiieJ  :o  i=-^r  s.  :-—-:' 
his  lUOuMs  were  dried,  whilst  ihr  llnor  wm  reJ-h"t.  i=--  *  — ■  -'^ 
the  air  stooil  at  330  and  Chabenihe  "  Fire-kine"  ws*  :i  -.-.iL^r 
in?  an  oren  whose  leraperaiure  was  from  -ItHJ-  to  Cw.  I^  -*  7'^** 
these  feata  miffhl  be  easily  maklit-ii  bv  miiiT  workrCTr.  w- :  ;.-*  : 
cxposeJ  to  high  teraperaiute.*,  such  as  those  emp.oveo  .z  .-  "-- 
f!a»s-houMS,  an  J  eas-worts.  In  all  these  insiance*.  ■--.*  ^rr^-^f  ' 
lacilitates  ihe  rapi<hty  of  the  vaporization  01  the  c-.-.  c-i  vl.:: 
opci'.sions  the  secretion  by  the  cutaneous  gland*;  snd  "^t  -ir;-;  i" 
caloric  which  becomes  laieni  in  the  prociss.  i*  i^r  :'.*  :r.  ~:  : 
drawn  from  the  boiiy  the  temperature  of  which  i^  '-.at  ifz:  :  * 
posure  til  a  verv  elevateil  lemperaiUTe, howeier  i '"o^-r.:^-  :.-  - 
lencih  of  lime,  does  produce  a  c£-r.aiiieitv::U03  o:  u'.i: 'M' ■.;.=  ■■-;;; 
be  expt'cleil  from  the  ^tatcmenw  alrea^ly  ras'ir  in  K^'.l  'f  '■-"■£  '^ 
theh>-:it  of  tlie  boilv  v  ih  changes  in  a'-moi^Hsr:  7  vjmp^ra:-.'-  \T 
llicesperim.:iy  of'M.M.  Ber£er  ;ir.  1  De:ir'^-:ie.  i:  wi;  oenii  L^- 
My  hail  been  esp-seJ  to  air  01  12y  liuriw  IT  taii.-^ws.a  i.;: 
p'.ace.!  in  ihe  mou:!i  rose  nearly  6  de^e*  37o«  i!ie  otCmasy  "■!" 
ii  may  be  remarked,  howt-rer,  ihit  as  tiie  00  jy  wia  :=:— ^rs^ : 
box.  from  which  the  hes!  projecie-i  in  order  10  ayo;!  ::.4  :.r^'-'- 
01  the  healed  air  on  the  ■.emperature  of  ihe  raoutri  .  i:.c  i:r  i.;- 
become  charged  wi;:i  li-.e  vapour  exhaled  ftom  ilie  si.rtj?':.  i^- 
fcn.'  sumrwh::'.  'if  ::;■-  f.'tt ■■•j  -/i  2  n. ■; ?:  ^lUi;.-*;  "--  rv-  A'  —'■':'  "-'■ 
[MT-xn-  of  ::.t  -o-ly  d..-*  :;.*:  ipre  .r  m  r.*?.  -.ir.iir  ar,y  .  ir  ■-:^---. 
il-jnt'  v-Ty-  w,:-::   jwiVr  ih.'i::  "...i"'.     I.T  '^Si-  "i'  "-"<'  sXi-r--- 
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possessed  by  the  living  system,  in  the  higher  animals,  of  keeping  up  its  tem- 
perature to  an  elevated  standard,  and  of  preventing  it  from  being  raised  much 
beyond  it  by  any  degree  of  external  heat,  we  have  next  to  inquire  to  what 
this  faculty  is  due.  We  shall  be  more  likely  to  arrive  at  accurate  results  in 
such  an  inquiry,  the  more  comprehensive  is  our  survey  of  the  phenomena  to 
which  it  relates.*  The  most  recent  experiments  on  the  temperature  of  Plants 
(those  made  by  MM.  Becquerel  and  Brcschet  with  the  thermo-multiplier) 
have  demonstrated  that  in  those  parts  in  which  the  vital  processes  are  taking 
place  with  activity,  a  sensible  amount  of  caloric  is  being  constantly  evolved. 
The  amount  of  this  evolution  of  heat  is  generally  very  low, — not  more,  in 
fact,  than  a  single  degree  (Fahr.) ;  and  as  it  does  not  more  than  counter- 
balance the  effect  of  the  evaporation,  which  is  continually  taking  place  from 
the  surface,  there  is  no  sensible  difference  between  the  temperature  of  the 
plant  and  that  of  the  surrounding  air.  At  the  time  of  flowering,  however,  a 
much  greater  degree  of  heat  is  generated  in  many  plants;  especially  in  those 
in  which  a  large  number  of  flowers  are  crowded  together,  as  is  the  case  in 
the  Arum  tribe:  thus  a  thermometer  placed  in  the  midst  of  twelve  spadixes 
has  been  seen  to  rise  to  121**,  whilst  the  temperature  of  the  air  was  oiily  66**. 
During  the  germination  of  seeds,  again,  a  considerabe  development  of  heat 
takes  place;  this,  which  is  soon  carried  off  from  a  single  seed,  becomes  very 
sensible  when  a  large  number  are  heaped  together,  as  in  malting;  the  ther- 
mometer plunged  into  a  heap  of  germinating  barley  having  been  seen  to  rise 
to  110^ 

724.  These  facts  are  of  more  importance  than  might  appear  at  first  sight; 
for  they  indicate  unequivocally  that  the  source  of  the  heat  is  to  be  looked 
for  in  the  Organic  functions,  not  in  those  of  Animal  life.  The  evolution  of 
caloric  has  been  attributed  by  many  physiologists  to  tlie  nervous  system; 
the  influence  which  this  system  evidently  possesses  over  the  function,  being 
mistaken  for  the  efficient  cause  of  it.  As  has  been  remarked  on  sevend 
former  occasions,  however, — the  fact  that  any  change  takes  place  in  Vegeta- 
bles to  the  same  degree  (under  certain  conditions)  with  that  in  which  it  ever 
presents  itself  in  Animals,  is  a  suflUcient  proof  that  it  cannot  be  dependent 
upon  nervous  agency,  although  it  may  be  influenced  by  it.  Moreover  it 
may  be  remarked,  that  the  production  of  heat  is  an  operation  of  an  entirely 
physical  character,  and  that  it  may  be  referred  to  physical  causes;  whilst 
the  operations  in  which  the  nervous  system  is  concerned,  are  such  as  we 
cannot  liken  in  any  degree  to  physical  phenomena,  and  are  of  a  purely  vital 
character.  In  our  inquiry  into  the  sources  of  the  heat  evolved  by  living 
beings,  we  are  limited,  therefore,  to  those  which  can  operate  in  the  Vegeta- 
ble kingdom;  and  on  examining  into  the  phenomena  which  present  any 
relation  to  this,  we  are  at  once  struck  with  the  fact,  that  an  absorption  of 
oxygen  from  the  air,  with  an  extrication  of  carbonic  acid,  is  continually 
taking  place  (constituting  the  true  respiratory  process  of  Plants,  §  522);  and 
that  these  changes  occur  with  excessive  activity,  at  the  very  periods  at  which 
the  evolution  of  heat  is  most  remarkable, — those,  namely,  of  germination 
and  flowering.  The  quantity  of  oxygen  consumed  by  flowers  is  enormous, 
-—those  of  the  Arum  Italicum  having  been  found  to  convert  40  times  their 
own  bulk  of  that  gas  into  carbonic  acid,  between  the  periods  of  their  first 
appearance  and  their  final  decay;  and  of  this,  the  far  larger  proportion  is 
consumed  by  the  sexual  apparatus,  which  has  been  found  to  consume  132 
times  its  own  bulk  of  oxygen  in  24  hours.     That  this  change  is  a  condition 

^  This  subject  is  more  fully  treated  in  the  Author's  Principles  of  General  and  Com- 
parative Physiology,  §§  5^18—567. 
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necessary  for  the  production  of  heat,  is  fully  proved  hy  the  fact,  that  no 
caloric  is  evolved  when  the  flowers  are  excluded  from  the  contact  of  oxygen; 
whilst  the  substitution  of  pure  oxygen  for  atmospheric  air  occasions  the 
elevation  of  temperature  to  be  more  rapid  and  considerable  than  usual.*  The 
same  may  be  said  of  the  heat  liberated  by  seeds  in  the  act  of  g^ermination:  t 
large  amount  of  oxygen  is  absorbed,  and  of  carbonic  acid  given  out,  during 
this  process,  and  the  evolution  of  heat  may  be  easily  shown  to  be  as  depen- 
dent upon  this  change,  as  in  the  instance  just  quoted.  It  is  the  opinion  of 
some  physiologists,  that  the  production  of  heat  under  these  circumstances  is 
dependent  upon  a  real  process  of  combustion;  the  carbon  of  the  plant  uniting 
with  the  oxygen  of  the  air,  and  thereby  giving  out  caloric,  as  it  does  in  the 
ordinary  burning  of  charcoal.  Perhaps  this  account  is  rather  too  simple. 
It  is  well  known  that  most  chemical  changes,  especially  those  in  which 
there  is  an  alteration  in  the  form  of  the  agents  concerned,  are  attended  with 
a  change  of  temperature;  and  it  is  not  unreasonable  to  suppose,  tliat,  of  those 
molecular  alterations  which  have  been  shown  to  be  so  continually  occuriof 
in  the  living  system,  some  may  be  connected  with  the  disengagement  of 
heat  peculiar  to  it.  For  the  continuance  of  these  alterations,  however,  the 
absorption  of  oxygen  and  the  extrication  of  carbonic  acid  are  necessary 
conditions;  if  these  be  suspended,  therefore,  the  temperature  soon  falls. 

725.  When  the  phenomena  of  calorification  in  Animals  are  carefully  ex- 
amined, they  are  found  to  harmonize  completely  with  this  view.     Through- 
out the  whole  kingdom,  an  exact  conformity  may  be  perceived,  between  the 
amount  of  oxygen  consumed  and  of  carbonic  acid  given  off,  and  the  degree 
of  heat  liberated.     In  the  cold-blooded  animals,  whose  temperature  is  almost 
entirely  dependent  upon  that  of  the  surrounding  medium,  the  respiration  is 
feeble,  being  carried  on,  for  the  most  part,  through  the  medium  of  water. 
In  the  warm-blooded  Vcrtebrata,  however,  which  have  the  power  of  keeping 
up  the  heat  of  their  bodies  to  an  elevated  standard,  even  when  that  of  the 
surrounding  air  is  far  beneath  it,  the  quantity  of  oxygen  consumed  is  very 
large;  and  that  required  by  Birds  is  more,  in  proportion  to  their  size,  than 
that  employed  by  Mammalia,  as  we  should  expect  from  the  more  elevated 
temperature  of  the  former.     In  the  class  of  Insects,  we  have  a  very  remarks^ 
ble  ilhistration  of  the  same  general  fact.     It  appears,  from  the  researches  of 
Mr.  Newport,  that  Insects,  during  their  larva  and  pupa  states,  and  even  in 
their  perfect  condition  when  at  rest,  are  to  be  regarded  as  truly  cold-blooded 
animals;  their  temperature  rising  and  falling  with  that  of  the  surrounding 
medium,  and  being  at  no  time  more  than  a  degree  or  two  above  it.    In  a 
state  of  activity,  however,  the  temperature  of  the  body  attains  a  considera- 
ble elevation,— ^frequently  as  much  as  10°  or  15°  above  that  of  the  air.    It 
must  be  remembered  tliat,  owing  to  their  larger  extent  of  surface  in  propor- 
tion to  their  bulk,  small  animals  are  cooled  much  more  rapidly  tlian  large 
ones;  and  the  temperature  of  Insects  would  probably  rise  much  higher,  if  it 
were  not  for  the  loss  they  are  thus  continually  experiencing,  which  is  gretdy 
increased  by  the  action  of  the  wings.     In  one  of  Mr.  N.'s  experiments,  a 
single  IIumble-Bee,  in  a  state  of  violent  excitement,  communicated  to  three 
cubic  inches  of  air  as  much  as  4°  of  heat  within  five  minutes,  its  own  tem- 
perature being  raised  7°  in  the  same  time.     When  several  individuals  in  t 
state  of  excitement,  however,  are  clustered  together,  so  that  the  loss  of  heat 
is  prevented,  the  elevation  of  temperature  is  much  more  considerable;  thus  a 
thermometer  introduced  among  seven  "nursing-bees"  stood  at  921°,  whilst 

♦  See  ihe  very  interesting  experiments  of  MM.  Vrollk  and  Vriese,  in  the  Add- 
des  Sci.  Nat.  N.  S.  Botan.  Tom.  xi,p.  551. 


ANIMAL  HEAT.  559 

the  external  air  was  only  70°;  and  the  temperature  of  a  hive  was  raised  by 
disturbing  it,  during  winter,  from  484°  to  102°,  the  temperature  of  the  air 
being  only  34^°  at  the  time!     In  all  these  instances,  the  amount  of  oxygen 
consumed  bears  an  exact  proportion  to  that  of  the  heat  evolved.     Even  in 
higher  animals,  exercise  has  a  considerable  effect  in  producing  an  elevation 
of  temperature;  and,  that  this  is  not  merely  due  to  the  acceleration  of  the 
circulation,  is  shown  by  the  very  curious  fact,  that  the  exercise  of  a  par- 
ticular muscle  will  cause  an  increase  in  the  heat  liberated  from  it,  as  shown 
by  needles  plunged  in  its  substance  and  connected  with  the  thermo- multi- 
plier.*   It  may,  indeed,  be  stated  as  a  general  proposition,  applicable  as 
well  to  different  parts  of  the  same  being,  as  to  different  individuals,  that  the 
development  of  heat  is  proportional  to  the  activity  of  the  molecular  pro- 
cesses which  constitute  the  functions  of  Nutrition,  Secretion,  &c.;  increasing 
with  their  activity,  and  diminishing  with  their  torpor.     It  is  very  easy  to 
explain,  on  this  principle,  the  known  influence  of  the  nervous  system  on 
the  calorific  function;  since,  although  the  molecular  changes  in  the  organic 
system  are  not  dependent  upon  the  agency  of  that  system,  they  are  very 
much  influenced  by  it;  and  thus  we  can  readily  understand  how  a  state  of 
nervous  excitement  may  produce  an  elevation  of  temperature,  and  a  de- 
pression of  nervous  power  occasion  a  cooling  of  the  body.     The  experi- 
ments of  Sir  B.  Brodie,  Chossat,  and  others,  in  which  a  greater  or  less 
portion  of  the  nervous  centres  was  removed,  and  the  animal  cooled  not- 
withstanding the  maintenance  of  the  circulation,  by  no  means  prove  that 
the  nervous  system  is  directly  concerned  in  the  production  of  heat;  since  in 
all  such  experiments,  there  is  a  gradual  loss  of  those  other  vital  powers, 
which  are  concerned  in  the  function  of  calorification.     From  the  experi- 
ments of  Dr.  W.  Philip  and  Dr.  Hastings,  it  appears  that  an  animal  whose 
nervous  centres  have  been  removed,  cools  much  faster  when  left  to  itself, 
than  when  artificial  respiration  is  practised;  and  that,  if  the  cooling  have 
made  much  progress  before  the  artificial  respiration  is  caused  to  commence, 
the  temperature  may  be  raised; — and  this  too,  in  spite  of  the  very  imperfect 
manner  in  which  natural  respiration  is  replaced  by  movements  artificially 
effected. 

726.  That  the  maintenance  of  Animal  Heat  is  due  in  part  to  those  mole- 
cular changes,  to  which  the  extrication  of  carbonic  acid  through  the  skin  is 
subservient,  appears  from  the  following  experiments  recently  performed  by 
MM.  Becquerel  and  Breschet.  The  hair  of  rabbits  was  shaved  off,  and  a 
composition  of  glue,  suet,  and  resin,  forming  a  coating  through  which  air 
could  not  pass,  was  applied  over  the  whole  surface.  It  might  seem  natural 
to  suppose  that,  by  preventing  the  evaporation  of  the  sweat,  the  tempera- 
ture of  the  tissues  would  be  very  sensibly  increased;  and  that,  by  this 
increase  of  the  temperature  of  the  whole  body,  a  high  state  of  fever  would 
be  engendered,  with  the  symptoms  of  which  the  animal  would  at  last  die. 
But  the  contrary  occurred.  In  the  first  rabbit,  which  had  a  temperature  of 
100°  before  being  shaved  and  plastered,  it  had  fallen  to  893°  by  the  time  the 
material  spread  over  him  was  dry.  An  hour  after,  the  thermometer  placed 
in  the  same  parts  (the  muscles  of  the  thigh  and  chest),  had  descended  to 
76°.  In  another  rabbit,  prepared  with  more  care,  by  the  time  that  the 
plaster  was  dry,  the  temperature  of  the  body  was  not  more  than  5^°  above 
that  of  the  surrounding  medium,  which  was  at  that  time  623°;  and  in  an 
hour  after  this,  the  animal  died.    These  experiments  place  in  a  very  striking 

*  See  the  experiments  of  MM.  Becquerel  and  Breschet,  in  Ann.  des  Sci.  Nat.  N. 
S.  Zool.,  Tom.  Yi. 
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point  of  view  the  importance  of  the  cutaneous  surface  as  a  respiratory  organ, 
even  in  the  higher  animals:  and  they  enable  us  to  understand  how,  whea 
the  aerating  power  of  the  lungs  is  nearly  destroyed  by  disease,  the  heat  of 
the  body  is  kept  up  to  its  natural  standard  by  the  action  of  the  skin.  A 
valuable  therapeutic  indication,  also,  is  derivable  from  the  knowledge  which 
we  thus  gain  of  the  importance  of  the  cutaneous  respiration;  for  it  leads  ns 
to  perceive  tlie  desirableness  of  keeping  the  skin  moist,  in  those  febrile 
diseases  in  which  there  is  great  heat  and  dryness  of  the  surface,  since 
aeration  cannot  properly  take  place  through  a  dry  membrane.  Of  the 
rehef  afforded  by  cold  or  tepid  sponging  in  such  cases,  experience  has 
given  ample  evidence. 

727.  It  has  been,  and  still  is,  a  prevalent  opinion  amongst  Physiologists 
of  the  Chemical  school,  that  the  process  of  calorification  is  one  of  ordinaiy 
combustion;  and  that,  of  the  whole  amount  of  food  taken  in,  a  large  pro- 
portion is  destined  to  be  immediately  burned^  in  order  to  keep  up  the  tem- 
perature of  the  body.     This,  however,  is  not  giving  a  true  account  of  it; 
since  it  appears  from  the  experiments  of  Dulong  and  Despretz  (between 
which  there  is  a  close  agreement)  that  more  heat  is  given  off  from  the 
bodies  of  warm-blooded  animals,  than  can  be  accounted  for  by  the  union  of 
the  amount  of  carbon  and  hydrogen,  contained  in  the  carbonic  acid  and 
watery  vapour  exhaled  by  them  in  the  same  time,  with  tlieir  equivalents  of 
oxygen.     According  to  Dulong,  the  combustion  of  the  carbon  alone  wovM 
not  account  for  more  than  half  of  the  caloric  liberated  by  carnivorous  ani- 
mals, or  for  more  than  seven-tenths  of  that  set  free  by  herbivorous  speeies; 
and,  even  when  the  hydrogen  was  also  taken  into  account,  the  amount  of 
heat  accounted  for  was  only  3-4ths  to  4-5ths  of  that  which  is  developed  in 
the  same  space  of  time.     The  results  obtained  by  Despretz  were  very 
similar,  for  he  found  that  the  heat  that  would  be  generated  by  the  union 
with  oxygen  of  a  given  amount  of  carbon  and  hydrogen,  was  only  from 
3-4 ths  to  9-lOths  of  that  which  would  be  set  free  by  an  animal,  in  the  time 
necessary  to  exhale  from  the  skin  and  lungs  a  corresponding  amount  of 
carbonic  acid  and  of  watery  vapour.     Moreover,  there  is  no  proof  what- 
ever, that  the  watery  vapour  exhaled  from  the  lungs  is  a  product  of  the 
combustion  of  hydrogen;  it  is  just  as  likely  to  be  a  secretion  from  the 
blood.     Hence,  it  is  evident  that  the  chemical  doctrine  in  its  present  form 
is  insufficient  to  explain  the  phenomena  of  animal  calorification;  but  there 
can  be  little  doubt  that  an  increased  knowledge  of  the  molecular  changes 
which  go  on  within  the  system,  will  afford  a  solution  of  the  difficulty.    At 
present,  then,  it  may  be  stated  as  a  general  fact,  that  the  production  of 
Animal  Heat  is  due  to  the  various  changes  in  chemical  composition,  that 
are  continually  taking  place  within  the  system;  of  which  changes,  the 
absorption  of  oxygen,  and  the  disengagement  of  carbonic  acid,  are  the  two 
chief  external  manifestations: — and  that  the  degree  of  caloric  liberated  bears 
a  close  relation  to  the  activity  of  these  changes,  either  in  regard  to  the  body 
at  large,  or  to  any  portion  of  it. 

728.  The  researches  of  Dr.  Edwards  upon  Animal  Heat  have  brought  to 
light  some  very  interesting  facts,  regarding  the  diversity  whjch  exists  as  to 
the  power  of  generating  heat,  in  the  same  species  of  animal  at  different 
ages,  and  at  different  periods  of  the  year.  It  appears  to  be  a  general  fact 
that,  the  younger  the  animal,  the  less  is  its  independent  calorifying  power. 
The  development  of  the  embryo  of  oviparous  animals  is  entirely  dependent 
upon  the  amount  of  external  warmth  supplied  to  it;  and  there  are  many 
kinds  of  Birds,  whicli,  at  the  time  they  issue  from  the  egg,  are  so  deficient 
in  the  power  of  generating  heat,  that  the  temperature  rapidly  falls,  when 
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they  are  removed  from  the  uest  and  placed  in  a  cold  atmosphere.  It  was 
shown  by  collateral  experiments,  that  the  loss  of  heat  was  not  to  be  attri- 
buted to  the  absence  of  feathers,  nor  to  the  extent  of  surface  exposed  in 
comparison  with  the  bulk  of  the  body;  and  that  nothing  but  an  absolute 
deficiency  in  the  power  of  generating  it,  would  account  for  the  fall  of  tem- 
perature. This  is  quite  conformable  to  facts  well  ascertained  in  regard  to 
Mammalia.  The  foetus,  during  intra-uterine  life,  has  little  power  of  keeping 
up  its  own  temperature;  and  in  many  cases  it  is  much  dependent  on  extern^ 
warmth,  for  some  time  after  birth.  The  degree  of  this  dependence,  how- 
ever, differs  greatly  in  the  various  species  of  Mammalia,  as  among  Birds; 
being  less,  in  proportion  as  the  general  development  is  advanced.  Thus, 
young  Guinea-pigs,  which  can  run  about  and  pick  up  food  for  themselves 
almost  as  soon  as  they  are  born,  are  from  the  first  independent  of  parental 
warmth;  whilst,  on  the  other  hand,  the  young  of  dogs,  cats,  rabbits,  &c., 
which  are  born  blind,  and  which  do  not,  for  a  fortnight  or  more,  acquire 
the  same  development  with  the  preceding,  rapidly  lose  their  heat  when 
withdrawn  from  contact  with  the  body  of  the  mother.  In  the  Human 
species  it  is  well  known,  that  external  warmth  is  necessary  for  the  infant; 
but  the  fact  is  too  often  neglected  (under  the  erroneous  idea  of  hardening 
the  constitution)  during  the  early  years  of  childhood.  It  is  to  be  carefully 
remembered,  that  the  development  of  Man  is  slower  than  that  of  any  other 
animal;  and  that  his  calorifying  power  is  closely  connected  with  his  general 
bodily  vigour.  In  the  case  of  children  born  very  prematurely,  the  greatest 
attention  must  be  given  to  the  sustenance  of  the  heat  of  the  body;  and 
though  the  infant  becomes  more  independent  of  it  as  development  advances, 
it  is  many  years  before  the  standard  can  be  maintained  without  assistance, 
throughout  the  ordinary  vicissitudes  of  external  temperature.  The  calori- 
fying power,  which  is  fully  possessed  by  adults,  decreases  again  in  advanced 
age.  Old  people  complain  that  their  *'  blood  is  chill;"  and  they  suffer 
greatly  from  exposure  to  cold,  the  temperature  of  their  whole  body  being 
lowered  by  it. 

729.  These  facts  have  a  very  interesting  connection  with  the  results  of 
statistical  inquiries,  as  to  the  average  number  of  deaths  at  different  seasons, 
recorded  by  M.  Quetelet.* 
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0-70 
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October 

0-91 
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0-97 
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1-07 
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0-96 

0-97 
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Wc  see  from  this  table  that,  during  the  first  month  of  infant  life,  the  external 
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temperature  has  a  very  marked  influence;  for  the  average  mortality  dorinf 
each  of  the  three  summer  months  being  80,  that  of  January  is  nearly  140, 
and  the  average  of  February  and  March  is  125.     This  is  exactly  the  result 
obtained  by  MM.  Villcrm^  and  Milne-Edwards,  in  their  researches  on  the 
mortality  of  the  children  conveyed  to  the  Foundling  Hospitals  in  the  dif- 
ferent towns  in  France;  and  they  not  only  ascertained  that  the  mortality 
is  much  the  greatest  during  the  first  three  months  in  the  year,  but  aho 
that  it  varies  in  diflerent  parts  of  the  kingdom,  according  to  the  rebtite 
severity  of  the  winter.     As  childhood  advances,  however,  the  winter  mor- 
tality  diminishes,  whilst  that  of  the  spring  undergoes  an  increase;  this 
is  probably  due  to  the  greater  prevalence  of  certain  epidemics  at  the  latter 
season;  for  the  same  condition  is  observed  in  a  still  more  remarkable  degree 
between  the  ages  of  8  and  12  years,  the  time  when  children  are  most 
severely  affected  by  such  epidemics.     As  the  constitution  acquires  greaier 
vigour,  and  the  bodily  structure  attains  its  full  development,  the  infloenee 
of  the  season  upon  mortality  becomes  less  apparent;  so  that,  at  the  age  of 
from  25  to  30  years,  the  difference  between  the  summer  and  winter  mm- 
tality  is  very  slight.    This  difference  reappears,  however,  in  a  very  marked 
degree,  at  a  later  period,  when  the  general  vigour,  and  the  calorifying power, 
undergo  a  gradual  diminution.     Between  the  nges  of  50  and  65  it  is  nearij 
as  great  as  in  early  infancy;  and  it  gradually  becomes  more  striking,  until, 
at  the  age  of  00  and  upwards,  the  deatlis  in  January  are  158  for  every  64 
in  July  (a  proportion  of  2.i  to  1);  and  the  average  of  the  three  winter 
months  is  145,  whilst  that  of  the  three  summer  months  is  only  68,  or  less 
than  one-half. 

730.  Not  only  does  the  same  individual  possess  different  degrees  cf 
calorifying  power  at  difl^erent  periods  of  his  life,  but  also  at  diflferent  pans 
of  the  year.     Dr.  Edwards  found  that  Sparrows,  when  exposed  for  some 
time  to  a  Temperature  of  32^  during  the  summer,  rapidly  lost  heat,  die 
refrigeration  during  3  hours  being  from  6  to  21  degrees;   but  that,  when 
they  were  placed  in  the  same  circumstances  during  the  winter  (after  having 
been  accustomed  to  a  warm  temperature),  the  refrigeration  was  much  less, 
not  being  in  any  instance  more  than  2°  in  3  hours.     Although  it  would  be 
difficult  to  prove  the  fact  experimentally  in  regard  to  Man,  there  can  be 
little  doubt  that  he  shares  with  the  other  Mammalia  in  this  variation.    It  is 
well  known  that  the  general  vigour  of  the  system  is  less  in  summer  than  in 
winter, — in  hot  climates  than  in  moderately  cold;  and  that  the  digestive  powers 
are  especially  weakened.     Moreover,  we  continually  experience  the  great 
discomforts  of  a  cold  day  in  summer;  when,  our  system  not  being  prepared 
for  it,  we  can  less  readily  maintain  our  temperature  at  its  normal  standard. 
The  practical  inference, — that  we  should  be  much  on  our  guard  against 
exposure  to  low  temperatures  during  summer, — is  one  of  much  importance, 
and  its  value  has  been  fully  confirmed  by  experience.     The  same  principle 
may  also  be  applied  to  the  explanation  of  the  well-known  fact,  that  those 
who  have  been  long  resident  in  warm  climates  feel  the  cold  acutely;  whilst 
those  who  have  been  inured  to  cold  arc  able  to  resist  it  much  better  thsn 
those  who  are  exposed  to  it  for  the  first  time.    The  former  have  a  continued 
summer  constitution;  and  their  system,  not  being  called  upon  by  its  exter- 
nal conditions  to  produce  much  heat,  the  power  is  after  a  time  partiaJIj 
lost.     On  the  other  hand,  those  who  live  in  cold  climates  have  a  perpetual 
winter  constitution  (as  it  were)  established;  and  the  amount  of  heat  gene- 
rated by  them  is  much  greater.     It  will  be  obvious  that  this  must  be  the 
case,  if  Man's  capability  of  living  under  the  greatest  varieties  of  climate  be 
sufficiently  considered.     From  Dr.  E.'s  experience  it  appears,  that  every 
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month  makes  an  evident  diflcrence  in  the  seasonal  degree;  the  heat  lost  by 
sparrows  in  August  being  much  less  than  that  lost  by  birds  of  the  same 
species  in  July. 

731.  Having  thus  considered  the  means  by  which  the  degree  of  heat 
necessary  for  the  performance  of  the  functions  of  the  Human  system  is 
generated,  we  have  to  inquire  how  its  temperature  is  prevented  from  being 
raised  too  high;  in  other  words,  what  frigorifying  means  there  are,  to 
counterbalance  the  influence  of  causes,  which  in  excess  would  otherwise  be 
fatal,  by  raising  the  heat  of  the  body  to  an  undue  degree.  How  is  it,  for 
example,  that  when  a  person  enters  a  room  whose  atmosphere  is  heated  to 
one  or  two  hundred  degrees  above  his  body,  the  latter  does  not  partake  of 
the  elevation,  even  though  exposed  to  the  heat  for  some  time?  Or,  since  the 
inhabitants  of  a  climate  where  the  thermometer  averages  100°  for  many 
weeks  together,  are  continually  generating  additional  heat  in  their  own 
bodies,  how  is  it  that  this  does  not  accumulate,  and  raise  them  to  an  undue 
elevation?  The  means  provided  by  Nature  for  cooling  the  body  when  ne- 
cessary, are  of  the  simplest  possible  character.  From  the  whole  of  its  soi\ 
moist  surface,  simple  evaporation  will  take  place  at  all  times,  as  from  an 
inorganic  body  in  the  same  circumstances;  and  the  amount  of  this  will  be 
regulated  merely  by  the  condition  of  the  atmosphere  as  to  warmth  and 
dryness.  The  more  readily  watery  vapour  can  be  dissolved  in  atmospheric 
air,  the  more  will  be  lost  from  the  surface  of  the  body  in  this  manner.  In 
cold  weather,  very  little  is  thus  carried  off,  even  though  the  air  be  dry;  and 
a  warm  atmosphere,  already  charged  with  dampness,  will  be  nearly  as 
ineffectual.  But  simple  evaporation  is  not  the  chief  means  by  which  the 
temperature  of  the  body  is  regulated.  The  Skin,  as  already  mentioned 
($  701),  contains  a  large  number  of  glandula;,  the  office  of  which  is  to 
secrete  an  aqueous  fluid;  and  the  amount  of  this  secretion  appears  to  depend 
solely  or  chiefly  upon  the  temperature  of  the  surrounding  air.  Thus,  when 
the  external  heat  is  very  great,  a  considerable  amount  of  fluid  is  transuded 
from  the  skin;  and  this,  in  evaporating,  converts  into  latent  heat  a  large 
quantity  of  the  free  caloric,  which  would  otherwise  raise  the  temperature  of 
the  body.  If  the  atmosphere  be  hot  and  dry,  and  also  be  in  motion,  both 
transudation  and  evaporation  go  on  with  great  rapidity.  If  it  be  cold,  both 
are  checked, — transudation  almost  entirely  so;  but  if  it  be  dry  some  evapo- 
ration still  continues.  On  the  other  hand,  in  a  hot  atmosphere  saturated 
with  moisture,  transudation  continues,  though  evaporation  is  almost  entirely 
checked;  and  the  fluid  poured  out  by  the  exhalent  glands  accumulates  on 
the  skin.  There  is  reason  to  believe  that  the  secretion  continues,  even 
when  the  body  is  immersed  in  water,  provided  its  temperature  be  high. 
We  learn  from  these  facts  the  great  importance  of  not  suddenly  checking 
transudation,  by  exposure  of  the  surface  to  cold,  when  the  secretion  is  being 
actively  performed;  since  a  great  disturbance  of  the  circulation  will  be 
likely  to  ensue,  similar  to  that  which  has  been  already  mentioned,  as 
occurring  when  other  important  secretions  are  suddenly  suspended. 
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CHAPTER    XIV. 

OF  REPRODUCTION. 

732.  The  Function  of  Reproduction  has  been  commonly  regarded  as  lo 
entirely  diflfcrcnt  in  character  from  the  ordinary  nutritive  processes^  that  no 
analogy  can  be  drawn  between  them.     The  results  of  late  inquiries,  how- 
ever, leave  no  doubt  that  the  diilerence  between  them  is  extremely  small,— 
having,  in  fact,  a  relation  rather  to  the  object  of  the  action,  than  to  the 
mode  in  which  it  is  performed.    In  the  ordinary  function  of  Nutrition,  there 
is  a  continual  regeneration  or  reproduction  of  the  tissues  and  organs  of  the 
body;  but  the  new  parts  are  destined  still  to  constitute  the  same  wkok. 
On  the  other  hand,  in  Reproduction,  the  newly-formed  parts  are  destined 
from  the  first  to  be  cast  off  from  the  parent  structure,  and  to  become  nev 
individuals.     Still,  their  origin  is  essentially  the  same  in  both  instances,  is 
appears  from  the  mode  in  which  the  multiplication  of  the  lower  plants  and 
animals  takes  place.    Thus  in  the  simplest  Gryptogamia,  such  as  the  Yeast 
Fungus,"^  every  single  cell  may  be  regarded  as  a  distinct  individual,  since  it 
is  capable  of  living  by  itself,  and  of  generating  new  cells;  and  thus  die 
production  of  a  new  cell,  in  connection  with  the  original  one,  may  be 
regarded  as  alike  an  act  of  Nutrition  and  of  Reproduction.     So  again  in 
the  Hydra  and  other  Polypes,  the  remarkable  power  of  reparation  which  ii 
manifested  in  their  Nutritive  operations  may  be  employed  in  generating  new 
individuals;  since,  when  the  body  is  divided  into  numerous  parts,  each  one 
of  these  has  the  power  of  developing  all  the  rest  of  the  structure,  and  thoi 
of  becoming  a  complete  animal  (§21).     Still  we  find  in  most  Plants,  and 
in  all  Animals,  some  portion  of  the  structure  specially  designed  to  form  and 
to  set  free  germs,  which  are  destined  to  become  new  individuals;  and  it  ii 
in  the  liberation  and  development  of  these,  that  the  function  of  Reprodac- 
tion  essentially  consists.     In  Plants  it  is  very  evident  that  these  germs 
diflTcr  but  little  from  those  which  elsewhere  produce  new  cells  (§  557);  and 
that  the  first  aspect  of  the  new  being  is  neither  more  nor  less  than  a  single 
c^ll,  in  which  all  the  other  cells  of  the  structure  subsequently  originate.   In 
tlie  Gryptogamia,  the  cell-germs  are  contained  in  what  is  termed  the  tpare; 
and,  when  liberated  from  the  parent,  they  are  developed  into  cells  withoat 
any  further  assisUince,  than  that  which  tliey  derive  from  the  air,  moisture, 
&;c.  that  surround  them.     In  Flowering  Plants,  on  the  other  hand,  the  cell- 
germs  arc  conveyed  into  a  new  set  of  organs,  in  which  they  are  supplied 
with  nutriment  previously  elaborated  for  them  by  the  parent;  and,  in  this 
manner,  they  are  enabled  to  attain  an  ultimate  development,  which  is  much 
higher  than  that  of  the  Gryptogamia.     It  is  now  well  established,  that  the 
pollen-grain  of  Phanerogamia  is  analogous  to  the  spore  of  Gryptogamia; 
since  it  contains  the  reproductive  granules,  which  are  the  germs  of  the  first 
cells  of  the  new  individual.     When  the  pollen-grains  are  cast  upon  the 
stigmatic  surface,  they  project  one  or  more  long  tubes,  which  insinuate 
themselves  down  the  soft  loose  tissue  of  the  style,  and  reach  the  ovarium. 
Into  these  tubes,  the  granules  which  the  pollen  grain  contained  arc  seen  to 
pass;  and  they  are  thus  conveyed  into  the  ovules,  the  foramina  of  which 
are  penetrated  by  the  extremities  of  the  pollen-tubes.     The  ovules  pre- 
viously contained  nothing  but  starchy  matter;  but  from  the  time  that  the 
pollen-tubes  have  thus  implanted  (as  it  were)  their  contents  in  tlieir  cavitji 

*  See  Principles  of  General  and  Comparative  Physiology,  §  98. 
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they  may  be  considered  as  fecundated.  The  subsequent  growtli  of  the 
embryo  from  the  first-formed  cells,  takes  place  according  to  the  principles 
already  stated,  under  the  head  of  Nutrition;  and  thus  it  is  seen,  that  the 
mysterious  process  of  Reproduction  evidently  consists,  in  Flowering  Plants, 
of  nothing  else  tlian  the  implantation  of  a  cell-germ  prepared  by  the  mcUe 
organs,  in  a  nidus  or  receptacle  adapted  to  aid  its  early  development,  wliich 
nidus  constitutes  the  essential  part  of  the  female  system. 

733.  There  is  now  good  reason  to  believe  that,  in  no  Animals,  is  the 
Reproductive  apparatus  less  simple  than  it  is  in  the  higher  Plants;— that  is 
to  say,  in  every  instance,  two  sets  of  organs,  a  germ-preparing  and  a  germ- 
nourishing,  are  present.   These  organs  differ  much  in  form  and  complexity 
of  structure,  in  the  various  tribes  of  Animals;  but  their  essential  function  is 
the  same  in  all.    Those  which  are  termed  Male  organs  prepare  and  set  free 
certain  bodies,  which,  having  an  inherent  power  of  motion,  have  been  sup- 
posed to  be  independent  Animalcules,  and  have  been  termed  Spermatozoa; 
there  is  but  little  reason,  however,  to  regard  them  in  this  light,  since  ciliated 
epithelium-cells,  and  even  the  blood  corpuscles  (under  peculiar  circum- 
itances,  (§  747),  may  exhibit  as  much  activity;  and  there  is  no  evidence  that 
their  function  is  any  higher  than  that  of  the  pollen-tube  of  Plants,  which 
conveys  into  the  ovulum  the  germs  of  the  first  cells  of  the  embryo.     This 
yiew  of  the  character  of  the  Spermatozoa,  which  is  perfectly  consonant 
with  the  nature  of  their  movements  and  with  the  mode  of  their  production,* 
derives  confirmation  from  Dr.  Barry's  recent  statements  regarding  their  ulti- 
mate origin,t  which  he  shows  to  be  the  same  as  that  of  the  animal  tissues  in 
general.     His  previous  observations  on  the  history  of  the  Ovum,  and  on 
the  nature  of  the  act  of  fecundation  (which  will  be  presently  given  in  some 
detail)  left  scarcely  any  doubt  that  this  act  consisted  in  the  introduction  of 
some  new  element  into  the  ovule,  through  the  medium  of  the  Spermatozoa, 
the  arrival  of  which  at  the  surface  of  the  ovary  had  been  more  than  once 
leen,  and  the  penetration  of  which  to  the  ovum  there  was  good  reason  to 
saspect     All  doubt  has  been  lately  removed  by  the  observations  of  Dr.  A. 
Farre  on  the  ovum  of  the  Earth-worm,  which  he  has  distinctly  seen  to  be 
penetrated  by  Spermatozoa;  and  the  act  of  fecundation  is  evidently  analo- 
gous, therefore,  in  Animals,  to  the  process  which  has  been  described  as 
taking  place  in  the  Flowering  Plants.     }  Dr.  Martin  Barry  has  twice  ob- 
served Spermatozoa  within  the  mammiferous  ovum.     The  ova  were  those 
of  a  rabbit,  taken  from  the  Fallopian  tube  within  twenty-four  hours  post 
caitum.    The  spermatozoa  were  within  the  thick  transparent  membrane, 
(zona  pellucida,)  brouglit  with  the  ovum  from  the  ovary. — M.  C.j     In 
many  of  the  lower  tribes  of  Animals,  the  spermatic  fluid  effused  by  an  indi- 
vidual of  one  sex  comes  into  direct  contact  with  the  ova  previously  deposited 
by  the  other;  but  in  all  the  higher  tribes,  as  in  Man,  the  act  of  fecundation 
is  performed  before  the  ova  have  quitted  the  ovarium.     With  these  general 
▼lews,  we  shall  now  be  prepared  to  consider  the  share  which  each  sex  has 
in  the  Function  of  Reproduction.  ' 

Function  of  the  Male. 

734.  The  Spermatic  fluid  secreted  by  the  Testes  of  the  Male  (§  700),  dif- 
fers from  all  other  secretions,  in  containing  a  large  number  of  very  minute 
bodies,  only  discernible  with  a  high  power  of  the  Microscope;  and  these, 

♦  Sec  Principles  of  General  and  Comparative  Physiology,  §  007. 
t  Philosophical  Transactions,  1841,  Part  II. 
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in  ordinary  cases,  remain  in  active  motion  for  some  time  aAer  they  have 
quitted  the  living  body.     The  Human  Spermatozoon,  of  which  representi- 
tions  are  given  in  the  Frontispiece  (Fig.  18),  consists  of  a  little  oval  flat- 
tened body  from  the  l-600th  to  the  l-800th  of  a  line  in  length,  from  which 
proceeds  a  long  filiform  tail,  gradually  tapering  to  the  finest  point,  of  l-50th 
or  at  most  l-40th  of  a  line  in  length.     The  whole  is  perfectly  transparent; 
and  nothing  that  can  be  termed  structure  can  be  satisfactorily  distinguished 
within  it.     The  movements  are  principally  executed  by  the  tail,  which  bai 
a  kind  of  vibratile  undulating  motion.     They  may  continue  for  many  honii 
after  the  emission  of  the  fluid;  and  they  are  not  checked  by  its  admixture 
with  other  seminal  secretions,  such  as  the  urine  and  the  prostatic  fluid. 
Thus,  in  cases  of  nocturnal  emission,  the  Spermatozoa   may  not  uiifiv- 
quently  be  found  actively  moving  through  the  urine  in  the  morning;  and 
those  contained  in  the  seminal  fluid  collected  from  females  that  have  just 
copulated,  are  frequently  found  to  live  many  days.     Their  presence  uaj 
be  readily  detected  by  a  Microscope  of  sufficient  power,  even  when  thej 
have  long  ceased  to  move,  and  are  broken  into  fragments;  and  the  Physi- 
cian and  the  Medical  Jurist  will  frequently  derive  much  assistance  from  u 
examination  of  this  kind.     Thus,  cases  are  of  no  uncommon  occiirreDee^ 
especially  among  those  who  have  been  too  much  addicted  to  sexual  indul- 
gence, in  which  seminal  emissions  take  place  unconsciously  and  freqaendyi 
and  produce  great  general  derangement  of  the  health;  and  the  true  nature 
of  the  complaint  is  obscure  until  the  fact  has  been  detected  by  ocular  exami- 
nation.    Again,  in  charges  of  rape,  in  which  evidence  of  actual  emission  ti 
required,  a  microscopic  examination  of  the  stiffened  spots  left  on  the  linen 
will  seldom  fail  in  obtaining  proof,  if  the  act  have  been  completed:  in  such 
cases,  however,  we  must  not  expect  to  meet  with  more  than  fragments  of 
Spermatozoa;  but  these  arc  so  unlike  any  thing  else,  that  little  doubt  need  be 
entertained  regarding  them.     It  has  been  proposed  to  employ  the  same  test 
in  juridical  inquiries  respecting  doubtful  cases  of  deaUi  by  suspension; 
seminal  emissions  being  not  unfrequent  results  of  this  kind  of  violence:  but 
there  are  many  obvious  objections  which  should  prevent  much  confidence 
being  placed  in  it.* 

735.  The  mode  of  evolution  of  Spermatozoa,  which  has  been  recently  dis- 
covered by  Wagner,  is  so  different  from  the  ordinary  method  of  production 
amongst  Animalcules,  as  of  itself  to  indicate  that  the  former  cannot  be  refe^ 
red  to  the  same  category  with  the  latter.     It  may  he  best  studied  in  those 
animals  which  have  only  a  periodical  fertility;  and  tlie  Passerine  Birds  are 
among  the  most  convenient  subjects  for  this  purpose.     During  the  winter, 
the  testes  are  small  and  almost  bloodless,  and  no  trace  of  Spermatozoa  can 
be  detected  within  them;  on  the  return  of  spring,  however,  they  undergo 
great  enlargement  and  become  almost  gorged  with  blood,  and  the  gradual 
steps  of  the  evolution  of  the  Spermatozoa  may  be  easily  observed.    Tbe 
fluid  drawn  from  them  is  first  seen  to  contain  a  number  of  granular  corpus- 
cles, resembling  those  known  as  the  seminal  granules  in  the  human  semen 
(delineated  at  cr,  Fig.  18,  Front.);  and  in  a  short  time  there  are  seen,  in 
addition  to  these,  numerous  rounded  transparent  vesicles,  at  first  having  bat 
one  nucleus,  and  afterwards  presenting  several.     These  nuclei  bear  a  close 
resemblance  to  the  granular  corpuscles  just  mentioned;  and  it  is  probable 
that  the  former  are  to  be  regarded  as  cytoblasts,  from  which  the  transparent 
vesicles  (shown,  as  existing  in  the  human  semen,  in  Fig.  19,  Front.)  are 

♦  See  the  Author*s  Ariicle  "Asphyxia/*  in  the  Library  of  Practical  Medicine,  and 
the  authorities  there  referred  to. 
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evolved.  The  nuclei  seem  afterwards  to  resolve  themselves  into  a  fine 
granular  matter,  which  is  diffused  through  the  whole  vesicle  or  ''  cyst  of 
evolution;"  and  in  this  a  linear  arrangement  soon  becomes  perceptible.  The 
lines  become  more  and  more  distinct,  and  are  at  last  seen  to  be  evidently 
produced  by  the  arrangement  of  tlie  Spermatozoa,  which  lie  side  by  side 
within  the  vesicle;  and  the  form  of  this  changes  from  a  sphere  to  a  long 
oval.  After  a  time  they  break  forth,  but  still  adhere  to  each  other  for  a  short 
period,  forming  bundles,  such  as  may  often  be  met  with  in  the  human 
semen,  when  taken  direcdy  from  the  testis  (Front.  Fig.  20).*  That  the 
Spermatozoa  are  the  essential  elements  of  the  spermatic  fluid,  has  been 
reasonably  inferred  from  several  circumstances,  such  as  their  absence  or 
imperfect  development  in  hybrid  animals,  which  are  nearly  or  entirely  sterile; 
and  the  fact  that  fecundation  essentially  consists  in  the  direct  communica- 
tion of  one  of  them  with  a  certain  point  in  the  ovum,  appears  too  well  estab- 
lished to  admit  of  further  doubt.  Regarding  the  uses  of  the  other  constitu- 
ents of  the  semen,  no  sufficient  account  can  be  given. 

736.  The  power  of  procreation  does  not  usually  exist  in  the  male,  until 
the  age  of  from  14  to  16  years;  and  it  may  be  considered  probable  that  no 
Spermatozoa  are  produced  until  that  period,  although  a  fluid  is  secreted  by 
the  testes.  At  this  epoch,  which  is  ordinarily  designated  as  that  of  puberty, 
a  considerable  change  takes  place  in  the  bodily  constitution:  the  sexual  organs 
undergo  a  much-increased  development;  various  parts  of  the  surface,  espe- 
cially the  chin  and  the  pubes,  become  covered  with  hair;  the  larynx  enlarges, 
and  the  voice  becomes  lower  in  pitch,  as  well  as  rougher  and  more  powerful; 
and  new  feelings  and  desires  are  awakened  in  the  mind.  Instances,  however, 
are  by  no  means  rare,  in  which  these  changes  take  place  at  a  much  earlier 
period,  the  full  development  of  the  generative  organs,  with  manifestations  of 
the  sexual  passion,  having  been  observed  in  children  of  but  a  few  years  old. 
The  procreative  power  may  last,  if  not  abused,  during  a  very  prolonged 
period.  Undoubted  instances  of  virility  at  the  age  of  more  than  100  years 
are  on  record;  but  in  these  cases,  the  general  bodily  vigour  was  preserved  in  a 
Tery  remarkable  degree.  The  ordinary  rule  seems  to  be,  that  sexual  power 
is  not  retained  by  £e  male  in  any  considerable  degree,  after  the  age  of  60 
or  65  years.  To  the  use  of  the  sexual  organs  for  the  continuance  of  his  race, 
Man  is  prompted  by  a  powerful  instinctive  desire,  which  he  shares  with  the 
lower  animals.  This  instinct,  like  the  others  formerly  alluded  to  (§§  259 — 
63),  is  excited  by  sensations;  and  these  may  either  originate  in  the  sexual 
organs  themselves,  or  may  be  excited  through  the  organs  of  special  sensa- 
tion. Thus  in  Man  it  is  most  powerfully  aroused  by  impressions  conveyed 
through  the  sight  or  the  touch;  in  many  other  animals,  the  auditory  and 
olfactive  organs  communicate  impressions  which  have  an  equal  power;  and 
it  is  not  improbable  that,  in  certain  morbidly-excited  states  of  feeling,  the 
same  may  be  the  case  in  ourselves.  That  local  impressions  have  also  a  very 
powerful  effect  in  exciting  sexual  desire,  must  have  been  within  the  experience 
of  almost  every  one;  the  fact  is  most  remarkable,  however,  in  cases  of  satyria- 
sis, which  disease  is  generally  found  to  be  connected  with  some  obvious 
cause  of  irritation  of  the  generative  system,  such  as  pruritus,  active  conges- 
tion, &c.  That  some  part  of  the  Encephalon  is  the  scat  of  this  as  of  other 
instinctive  propensities,  appears  from  the  considerations  formerly  adduced 
(Chap.  III.);  but  that  the  Cerebellum  is  the  part  in  which  this  function  is 

*  For  a  faller  account,  with  illustratioDs,  of  the  development  of  the  Spermatozoa, 
and  its  analogy  with  the  formation  of  other  tissues,  sec  Princ.  of  Gen.  and  Comp. 
Phys.  SS  430  and  607. 


508  UF  REPRODUCTION. 

specially  located,  cannot  be  regarded  as  by  any  means  sufficiently  proved 
(§5  274—8).  The  instinct,  when  once  aroused  (even  though  very  obscurely 
felt),  acts  upon  the  mental  faculties  and  moral  feelings;  and  tlius  becomes 
the  source,  tliough  almost  unconsciously  so  to  the  individual,  of  the  tendency 
to  form  that  kind  of  attiichment  towards  one  of  the  opposite  sex,  which  is 
known  as  love»  This  tendency  cannot  be  regarded  as  a  simple  passion  or 
emotion,  since  it  is  the  result  of  the  combined  operations  of  the  reason,  the 
imagination,  and  the  moral  feelings;  and  it  is  in  the  engraftment  (so  to  speak) 
of  the  psychical  attachment,  upon  the  mere  corporeal  instinct,  that  a  diffa- 
ence  exists  between  the  sexual  relations  of  Man  and  those  of  the  lower  ani* 
mals.  In  proportion  as  the  human  being  makes  the  temporary  gratificaticm 
of  tlie  mere  sexual  appetite  his  chief  object,  and  overlooks  the  happiness 
arising  from  spiritual  communion,  which  is  not  only  purer  but  more  perma- 
nent, and  of  which  a  renewal  maybe  anticipated  in  another  world,— <ioes  he 
degrade  himself  to  the  level  of  the  brutes  that  perish.  Yet  how  lamentably 
frequent  is  this  degradation! 

738.  When,  impelled  by  sexual  excitement,  the  male  seeks  intercourse 
with  the  female,  the  erectile  tissue  of  the  genital  organs  becomes  turgid  with 
blood  (§  510),  and  the  surface  acquires  a  much-increased  sensibility;  this  is 
especially  acute  in  the  glans  penis.  By  the  friction  of  tlie  glans  against  the 
rugous  walls  of  the  vagina,  the  excitement  is  increased;  and  the  impression 
which  is  thus  produced  at  last  becomes  so  strong,  that  it  produces,  througii 
the  medium  of  the  spinal  cord,  a  reflex  contraction  of  the  muscles  which 
surround  the  vesicular  seminales  (§  203).  These  receptacles  discharge  their 
contents  (pardy  consisting  of  semen,  and  partly  of  a  secretion  of  their  own) 
into  tlie  urethra,  and  from  tliis  they  are  expelled  with  some  degree  of  force, 
and  witli  a  kind  of  convulsive  action,  by  its  own  compressor  muscles.  Now 
altliough  tlie  sensations  concerned  in  this  act  are  ordinarily  most  acutely  plea- 
surable, there  appears  sufficient  evidence  that  they  are  by  no  means  essential 
to  its  performance;  and  that  the  impression  which  is  conveyed  to  the  Spinal 
Cord  need  not  give  rise  to  a  sensation,  in  order  to  produce  the  reflex  con- 
traction of  the  ejaculator  muscles  (§182).  The  high  degree  of  nervous 
excitement  which  the  act  of  coition  involves,  produces  a  subsequent  depres- 
sion of  corresponding  amount;  and  the  too  frequent  repetition  of  it  is  pro- 
ductive of  consequences  very  injurious  to  the  general  health.  This  is  still 
more  the  case  with  the  solitary  indulgence,  which  (it  is  to  be  feared)  is  prac- 
tised by  too  many  youths;  for  this,  substituting  an  unnatural  degree  of  one 
kind  of  excitement  for  that  which  is  wanting  in  anotlier,  cannot  but  be  still 
more  trying  to  the  bodily  powers.  The  secretion  of  seminal  fluid  being,  hke 
other  secretions,  very  much  under  the  control  of  the  nervous  system,  will 
be  increased  by  the  continual  direction  of  the  mind  towards  objects  which 
awaken  the  sexual  propensity  (§  420,  note);  and  thus,  if  intercourse  be  very 
frequent,  a  much  larger  quantity  will  altogether  be  produced,  although  ibc 
amount  emitted  at  each  period  will  be  less.  The  formation  of  the  secretion 
seems  of  itself  to  be  a  much  greater  tax  upon  tlie  corporeal  powers,  than 
might  have  been  supposed  a  priori;  and  it  is  a  well-known  fact,  that  the 
highest  degree  of  bodily  vigour  is  inconsistent  with  a  frequent  indulgence  in 
sexual  intercourse;  whilst  nothing  is  more  certain  to  reduce  the  powers,  both 
of  body  and  mind,  than  excess  in  this  respect.  These  principles,  which 
are  of  great  importance  in  the  regulations  of  the  health,  are  but  results  of 
the  general  law,  which  prevails  eiiually  in  the  VegeUible  and  Animal  king- 
donis,  tliat  the  development  of  the  individual  and  the  rcprodction  of  the 
apccies  stand  in  an  inverse  ratiq  to  each  otlier. 
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Action  of  the  Female. 

739.  The  most  essential  part  of  tlie  female  generative  system  is  that  in 
which  the  ova  are  prepared;  the  other  organs  are  merely  accessory,  and  are 
not  to  be  found  in  a  large  proportion  of  the  Animal  kingdom.  In  many  of 
the  lower  animals,  the  ovaria  and  testes  are  so  extremely  like  each  other, 
that  the  difference  between  them  can  scarcely  be  distinguished;  and  the  same 
has  already  been  stated  regarding  the  condition  of  these  organs  in  Man,  at  an 
early  period  of  development.  The  fact  is  one  of  no  smaU  interest.  In  the 
lower  animals,  the  ovarium  consists  of  a  loose  tissue  containing  many  cells, 
in  which  the  ova  are  formed,  and  from  which  they  escape  by  tihe  rupture  of 
the  cell-walls;  in  the  higher  animab,  as  in  the  Human  female,  the  tissue  of 
the  ovarium  is  more  compact,  forming  what  is  known  as  the  stroma;  and  the 
ova,  except  when  they  are  approaching  maturity,  can  only  be  distinguished  in 
the  interstices  of  this,  by  the  aid  of  a  high  magnifying  power.  We  owe  to  Dr. 
Barry  the  discovery  of  the  earliest  stages  in  the  production  of  the  ovum  and 
its  accessory  parts,  in  Mammalia  and  other  Yertebrata.  In  order  to  under- 
stand his  account,  however,  it  will  be  necessary  that  the  parts  of  which  the 
ovum  consists  should  be  first  understood.  Taking  the  Fowl's  egg  as  a 
familiar  illustration,  it  must  be  remarked,  in  the  first  place,  that  neither  the 
albumen  which  forms  the  white,  nor  the  shell-membrane  with  its  testaceous 
covering,  exist  in  the  ovarian  ovum;  these  portions  being  added  during  its  pas- 
sage along  the  oviduct.  The  parts  which  we  have  to  analyze,  are  the  yelk- 
membrane  and  its  contents.  Within  the  yelk-membrane,  we  find,  in  the  first 
place,  the  yelk  itself;  a  substance  consisting  in  part  of  albuminous  granules, 
and  in  part  of  oily  globules.  Towards  the  centre,  the  character  of  the  yelk 
in  some  degree  changes,  its  colour  being  lighter,  and  the  granules  presenting 
more  the  appearance  of  cells,  with  minuter  globules  in  their  interior.  This 
central  portion  is  termed  the  discus  vitellinus.  Occupying  the  centre  of  the 
yelk  (in  the  inmiature  ovulum)  is  a  large  cell,  very  distinct  in  aspect  from 
the  rest,  and  having  a  well-marked  nucleus  upon  its  walls.  This  is  termed  the 
germinal  vesicle;  and  the  nucleus,  the  germinal  spot.  The  Mammalian 
ovum  contains  exactly  the  same  parts,  but  the  yelk  is  nmch  smaller  in  propor- 
tion, and  corresponds  in  character  rather  with  the  discus  vitellinus  than  with 
the  whole  yelk  of  the  Bird's  egg.  The  ovum  in  all  Vertebrated  animals  is 
produced  within  a  capsule  or  bag,  tlie  exterior  of  which  is  in  contact  with  the 
stroma  of  the  ovarium;  this  has  been  termed,  in  Mammalia,  the  Graafian 
vesicle,  after  the  name  of  its  first  discoverer;  but  the  more  general  and  appro- 
priate designation  of  ovisac  has  been  given  to  it  by  Dr.  Barry,  who  has 
shown  that  it  exists  in  other  classes  of  Yertebrata.  Between  the  ovum  and 
the  ovisac,  in  Oviparous  animals,  there  is  scarcely  any  interval;  but  in  the 
Mammalia  a  large  amount  of  granidar  matter  is  present;  and  this  arranges 
itself  into  some  peculiar  stnictures  discovered  by  Dr.  Barr}',  and  presently  to 
be  described.  The  membrane  which  surrounds  the  yelk  in  Mammalia  has 
received,  on  account  of  its  thickness  and  peculiar  transparency,  the  designa- 
tion of  zona  pellucida.  The  several  parts  of  the  ovum  now  described  are 
shown  in  Fig.  5  of  tlie  Frontispiece. 

740.  From  the  researches  of  Dr.  Barry  on  the  early  development  of  the 
ovum,  it  appears  tliat  the  germinal  vesicle  is  the  part  which  can  first  be  dis- 
tinctly traced.  In  Fig.  1  (Front.)  is  secjii  a  n>presentation  of  one  of  its  in- 
cipient stages,  in  tiie  Babbit;  there  is  nothing  here  visible  but  a  collection  of 
very  transparent  vesicles,  surrounded  liy  a  mass  of  dark  granules.  In  the 
succeeding  stage,  represented  in  Fig.  1,  some  of  the  vesicles  have  enlarged, 
and  the  granules  immediately  surrounding  them  have  become  developed  into 
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cells.     A  more  advanced  condition  is  represented  (on  a  smaller  scale)  in  Fig. 
3;  in  which  a  distinct  spot  (b)  is  seen  on  the  central  vesicle  (a),  marking  ii 
as  the  germinal  vesicle;  whilst  many  of  the  granules  surrounding  it  have 
become  cells,  and  have  taken  on  a  very  regular  arrangement.     After  a  time, 
a  membrane  forms  around  each  cluster  of  granules,  separating  it  from  the 
stroma  of  the  ovarium;  this  is  the  ovisac.     At  a  later  period,  a  separation  takes 
place  between  the  inner  and  outer  portions  of  tlie  mass  of  granular  matter  in- 
cluded between  the  ovisac  and  the  germinal  vesicle;  and  tlie  separation  is 
completed  by  the  development  of  a  membrane,  which  envelopes  the  inner 
stratum.     This  stratum  becomes  the  yelk,  and  includes  the  most  of  the  oil- 
particles  which  previously  existed  witliin  the  ovisac;  whilst  the  portion  of 
the  granular  mass,  exterior  to  this,  gives  origin  in  Mammalia   to  certain 
structures  of  a  very  peculiar  character,  which  seem  to  be  concerned  in 
the  liberation  of  the  ovum  from  the  Graafian  vesicle  or  ovisac.     The  appear- 
ance of  the  Human  ovisac  and  its  contents  is  seen  in  Fig.  4  (Front.).     The 
granules  immediately  surrounding  the  ovum  assume  tlie  appearance  of  cells; 
and  tliesc  unite  to  fonn  a  sort  of  membrane,  to  which  the  name  of  tunica 
granulosa  has  been  given.     This  is  seen  at  f  g  (Fig.  7).     The  granules 
lining  the  ovisac  also  combine  themselves  into  a  membranous  stnictiire,  to 
which  Dr.  Bany  has  given  the  designation  of  membrana  granulosa  (^jf, 
Fig.  6).     These  are  connected  by  four  band-like  extensions  of  the  same  cel- 
lulo-membranous  stnicture,  which  seem  to  suspend  the  ovum  in  its  place; 
and  these  anj  called  retinacula  (r  r.  Figs.  6  and  7).     The  space  between  the 
tunica  granulosa  and  the  membrana  granulosa,  which  is  not  oc<!upied  by  the 
retinacula,  is  filled  with  fluid,  in  which  few  or  no  cells  can  be  seen.    The 
uses  of  this  stnicture,  so  far  as  they  are  apparent,  will  be  described  when  the 
processes  by  which  the  ovum  escapes  from  the  ovarj'  are  detailed.    'ITie  ovisac 
does  not  form  the  entire  structure  which  has  been  described  as  tlie  Graafian 
vesicle;  for  this  consists  of  two  layers,  of  which  the  inner  one  is  the  tme 
ovisac,  whilst  the  outer  results  from  a  thickening  and  condensation  of  the  8u^ 
rounding  layer  of  the  stroma  of  the  ovarium.       It  is  tlie  outer  layer  only 
which  is  vascular;  the  mner  presents  no  trace  of  structure;  and  tlie  increase  of 
the  ovum  must  take  ])laco  by  simple  imbibition,  through  it,  of  tlie  supply  of 
nutritive  matter  brought  into  contact  with  its  exterior. 

741.  The  ovarium  may  be  seen,  even  in  the  foetal  animal,  to  contain 
immature  ova,  in  wliich  the  several  parts  can  be  clearly  distinguished.    At 
a  later  period,  however,  the  number  of  ova  greatly  increases;  and  the 
development  of  some  advances,  whilst  others  degenerate.     At  the  period  of 
puberty,  the  stroma  of  the  ovarium  is  crowded  with  ovisacs,  which  are  still 
so  minute,  that  in  the  Ox  (according  to  Dr.  Barry's  computation)  a  cubic 
inch  would  contain  200  millions  of  them.     The  greatest  advance  is  seen  in 
those  which  are  situated  nearest  the  surface  of  the  ovarium;  and  in  these, 
the  Graafian  vesicle,  with  its  two  coats,  may  be  distinctly  traced.    It  is 
curious  that  the  outer  wall  (which  is  itself  a  part  of  the  condensed  stroma 
of  the  ovarium)  should  contain  an  immense  number  of  minute  ovisacs;  so 
that  this,  in  the  adult  animal,  is  the  most  convenient  situation  in  which  to 
view  them:  these  ovisacs  have  been  termed  by  Dr.  Barry  parasitic  ovisacs. 
In  those  animals  whose  aptitude  for  conception  is  periodical,  the  develop- 
ment of  the  ova,  to  such  a  degree  that  they  become  prepared  for  fecundation, 
is  periodical  also.     This  development  becomes  evident,  ^hen  the  parts  are 
examined  in  an  animal  which  is  **  in  heat,"  by  the  projection  of  the  Graafian 
vesicles  from  the  surface;  and  it  consists  not  merely  in  an  increase  of  size, 
but  in  certain  internal  changes  presently  to  be  described.     In  the  Human 
female,  the  period  of  puberty,  or  of  commencing  aptitude  for  procreation,  is 
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usually  between  the  13lh  and  the  16th  year;  it  is  earlier  in  warm  climates 
than  in  cold;*  and  in  densely-populated  manufacturing  towns  than  in  thinly- 
peopled  agricultural  districts.  The  mental  and  bodily  habits  of  the  indi- 
vidual have  also  a  considerable  influence  upon  the  time  of  its  occurrence; 
girls  brought  up  in  the  midst  of  luxury  or  sensual  indulgence,  undergoing 
this  change  earlier  than  those  reared  in  hardihood  and  self-denial.  The 
changes  in  which  puberty  consists  are  for  the  most  part  connected  with 
the  reproductive  system.  The  external  and  internal  organs  of  generation 
undergo  a  considerable  increase  of  size;  the  mammary  glands  enlarge;  and 
a  deposition  of  fat  takes  place  in  the  mammae  and  on  the  pubes,  as  well  as 
over  the  whole  surface  of  the  body,  giving  to  the  person  that  roundness  and 
fulness  which  is  so  attractive  to  the  opposite  sex,  at  the  period  of  com- 
mencing womanhood. 

742.  The  first  appearance  of  the  catamenia  usually  occurs  whilst  these 
changes  are  in  progress,  and  is  a  decided  indication  of  the  arrival  of  the 
period  of  puberty;  but  it  is  not  un frequently  delayed  much  longer;  and  its 
absence  is  by  no  means  to  be  regarded  as  a  proof  of  the  want  of  aptitude 
for  procreation,  since  many  women  have  borne  large  families,  without 
having  ever  menstruated.  The  catamenial  discharge  appears  normally  to 
consist  of  blood  deprived  of  its  fibrin;  the  fiuid  being  composed  of  serum, 
in  which  red  corpuscles  are  suspended,  and  being  readily  distinguishable 
from  true  blood  by  its  want  of  power  to  clot.  When  clots  are  found  in  it, 
therefore,  a  morbid  condition  of  the  secreting  surface  must  be  inferred. 
The  interval  which  usually  elapses  between  the  successive  appearances  of 
the  secretion,  is  about  four  weeks;  and  the  duration  of  the  flow  is  from  three 

*  {It  has  been  stated,  by  almost  all  physiolodcal  writers,  that  women  reach  matu- 
rity, and  that  menstruation  commences  much  earlier  in  hot  climates,  particularly 
between  the  tropics,  than  in  temperate  and  very  cold  countries.  Halier  slates  that 
in  the  warm  regions  of  Asia,  the  catamenia  appear  from  the  8ih  to  the  10th  year: 
and  in  Switzerland,  Britain,  and  other  temperate  regions,  at  the  age  of  12  or  13,  ana 
later  the  farther  we  ascend  towards  the  north.  Tne  same  view  has  been  held  by 
nearly  all  subsequent  writers  on  the  subject,  and  they  infer  that  animals,  like 
plants,  reach  maturity  sooner  in  hot  than  in  cold  climates.  Dewees  says  that  men- 
struation occurs  later  in  our  northern  than  in  our  southern  states.  From  many 
elaborate  and  interesting  papers  which  have  been  published  within  a  few  years, 
especially  from  those  of  Mr.  Roberton  of  Manchester,  it  would  seem  that  the  natural 
period  of  puberty  in  women,  occurs  in  a  much  more  extended  range  of  ages,  and  is 
much  more  equally  distributed  through  that  range,  than  others  have  alleged,  and 
that,  in  other  couniries  the  parallel  between  plants  and  fruits  does  not  hold  good. 

AtGouingcn,  Osiander  ascertained  the  ages  at  which  137  women  began  to  men- 
struate. In  '21  of  these  the  catamenia  appeared  at  11;  in  3*3 at  15;  in  24  at  16;  9  at  12; 
and  1  not  before  the  2lih  year.  The  Indian  girls  in  Canada,  and  in  our  north- 
western stales  and  territories,  begin  to  menstruate  frequently  at  12,  13  and  14.  From 
the  statement  of  iiaron  Humboldt,  the  same  is  equally  true  of  the  Korriacs,  and  the 
tribes  of  northern  Asia,  where  girls  of  10  years  are  sometimes  found  mothers.  The 
notion  that  women  in  Lapland  do  not  menstruate  till  20,  and  then  only  during  sum- 
mer, is  founded  on  a  mistake  in  Linnaius's  Flora  Lapponica.  Tookc  slates  that  the 
Sciavonian,  or  native  Russian*!  reach  puberty  at  an  early  age;  and  Dr.  Robert  Lee, 
who  was  in  the  Crimea,  and  all  the  Russian  provinces  along  the  Black  Sea,  and  in 
the  Ukraine,  and  whose  opportunities  of  observation  were  extensive,  says  that  his 
conviction  is,  that  over  the  whole  south  of  Russia  the  period  of  puberty  is  the  same 
as  in  Great  Britain;  and  that  women  cease  to  bear  children  at  the  same  age.  The 
same  would  appear  to  hold  good  in  Java,  and  in  all  the  islands  of  the  Indian  Archi- 
pelago, and  in  Sierra  Leone;  and  the  difference  said  to  exist  in  Arabia  in  this  respect 
IS  due  to  the  earlv  marriages,  and  universal  licentiousness  and  depravity  of  morals 
in  that  country.  It  would  appear  from  observations  made  in  the  West  India  Islands, 
that  qnenstruntion  occurs  there  about  the  same  period,  and  that  the  alleged  differ- 
ence in  this  respect  between  the  negress  and  the  white  female  does  not  exist. — M.  CJ 
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to  six  days.*  There  is,  however,  great  variety  in  this  respect  among  the 
inhahitants  of  difierent  climates,  and  among  individuals;  in  general,  the 
appearance  is  more  frequent,  and  the  duration  of  the  flow  greater,  among 
the  residents  in  warm  countries,  and  among  individuals  of  luxurious  habits 
and  relaxed  frame,  than  among  the  inhabitants  of  colder  climates,  or  among 
individuals  inured  to  bodily  exertion.  The  first  appearance  of  the  dis- 
charge is  usually  preceded  and  accompanied  by  considerable  general  dis- 
turbance of  the  system;  especially  pain  in  the  loins  and  a  sense  of  fatigue 
in  the  lower  extremities;  and  its  periodical  return  is  usually  attended  with 
the  same  symptoms,  which  are  more  or  less  severe  in  different  individuals. 
Much  discussion  has  taken  place  respecting  the  causes  and  purposes  of  the 
menstrual  flow;  but  no  satisfactory  conclusion  has  been  attained.  The 
most  probable  view  seems  to  be  that,  which  regards  it  as  analogous  to  tlie 
heat  of  the  lower  animals;  many  of  these  having  a  sero-sanguinolent  dis- 
charge at  that  period.  There  is  good  reason  to  believe  that  in  women  the 
sexual  feeling  becomes  stronger  at  that  epoch;  and  it  is  quite  certain  that 
there  is  a  greater  aptitude  for  conception  immediately  before  and  afWr 
menstruation,  than  there  is  at  any  intermediate  period.  |Dr.  Raciborski 
states,  that  of  fifteen  women  who  specified  accurately  the  period  of  their 
last  menstruation,  as  well  as  that  of  their  last  coitus,  conception  took  plaee 
in  five  from  two  to  four  days  previously  to  the  period  at  which  the  cata- 
menia  were  due.  In  seven,  conception  dated  from  coitus,  occurring  two  or 
three  days  afler  menstruation;  in  two,  it  took  place  at  the  actual  period  of 
the  catamenia;  and  in  one  only  as  long  as  ten  days  after  the  menstnal 
period. — M.  C.|  It  is  the  opinion  of  Dr.  R.  Lee,  founded  on  numerous 
observations,  that  at  each  menstrual  period  there  is  not  only  a  preparation  of 
ova  for  fecundation,  but  actually  a  rupture  of  one  or  more  Graafian  vesicles, 
and  an  escape  of  the  ova  into  the  Fallopian  tube  or  oviduct,  just  as  if  fecun- 
dation had  taken  place.  It  is  well  known  that,  among  many  of  the  lower 
animals,  the  ova  are  entirely  extruded  by  the  female,  before  the  spermatic 
fluid  of  the  male  reaches  them,  and  that  even  in  Birds,  this  occasionally 
takes  place.  There  is  nothing  but  what  is  quite  conformable  to  analogy, 
therefore,  in  this  view;  and  it  has  been  confirmed  by  the  independent 
observations  of  M.  Gendrin  J  and  Dr.  Negrier,  of  Angers}.  If  it  be 
correct,  we  must  suppose  that  the  ova  which  thus  escape  without  fecunda- 
tion speedily  degenerate;  and  in  this  there  is  nothing  improbable.  But  from 
Dr.  Barry's  observations  it  seems  more  likely,  that  this  degeneration  usually 
occurs  without  the  ovum  quitting  the  ovary;  this  being  observed  in  ihe 
Rabbit,  as  to  many  ova  that  are  prepared  for  fecundation,  but  have  not  been 
fertilized  by  a  coitus  that  has  proved  successful  in  several  others.  The 
duration  of  the  period  of  aptitude  for  procreation,  as  marked  by  the  pe^ 
sistence  of  the  catamena,  is  more  limited  in  women  than  in  men,  usually 
terminating  at  about  the  45th  year;  it  is  sometimes  prolonged,  however, 
for  ten  or  even  fifteen  years  longer;  but  cases  are  rare  in  which  women 
above  50  years  of  age  have  borne  children.  There  is  usually  no  menstrual 
flow  during  pregnancy  and  lactation;  in  fact,  the  cessation  of  the  catamenia 
is  generally  one  of  the  first  signs  indicating  that  conception  has  taken  place* 
But  it  is  by  no  means  uncommon  for  them  to  appear  once  or  twice  subse- 
quently to  conception;  and  in  some  women,  there  is  a  regular  monthly 
discharge,  though  probably  not  of  tlie  usual  secretion,  through  the  whole 

♦  {It  would  appear,  from  the  statistical  researches  of  M.  Brierre  de  Boismont,  thai 
the  two  periods  at  which  the  largest  number  of  females  menstruate,  are  the  8ih  and 
3d  days.  A  woman  who  menstruates  eight  days  for  thirty  years,  (the  usual  period 
of  uterine  life,)  will  consume  eight  years  in  this  function.— M,  C.} 
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period.  Some  very  anomalous  cases  are  recorded,  in  which  the  catamenia 
never  appeared  at  any  other  time  than  during  pregnancy,  and  were  then 
regular.  The  absence  of  the  catamenia  during  lactation  is  by  no  means 
constant,  especially  if  the  period  be  prolonged;  when  the  menstrual  dis- 
charge recurs,  it  may  be  considered  as  indicating  an  aptitude  for  conception; 
and  it  is  well  known  that,  although  pregnancy  seldom  recurs  during  the 
continuance  of  lactation,  the  rule  is  by  no  means  invariable. 

743.  The  function  of  the  female,  during  the  coitus,  is  entirely  of  a  passive 
character.  When  the  sexual  feeling  is  strongly  excited,  there  is  a  consider- 
able degree  of  turgescence  in  the  erectile  tissue  surrounding  the  vagina,  and 
composing  the  greater  part  of  the  nymphse  and  the  clitoris;  and  there  is  also 
an  increased  secretion  from  the  mucous  follicles.*  But  these  changes  are 
by  no  means  necessary  for  effectual  coition;  since  it  is  a  fact  well  established, 
that  fruitful  intercourse  may  take  place,  when  the  female  is  in  a  state  of  nar- 
cotism, of  somnambulism,  or  even  of  profound  ordinary  sleep.  It  has  been 
supposed  by  some  that  the  os  uteri  dilates,  by  a  kind  of  reflex  action,  to 
receive  the  semen;  but  of  this  there  is  no  evidence.  The  introduction  of  a 
small  quantity  of  the  fluid  just  within  the  vagina,  appears  to  be  all  that  is 
absolutely  necessary  for  conception;  for  there  are  many  cases  on  record,  in 
which  pregnancy  has  occurred,  in  spite  of  the  closure  of  the  entrance  to  the 
▼agina  by  a  strong  membrane,  in  which  but  a  very  small  aperture  existed. 
That  the  Spermatozoa  make  their  way  to  the  ovarium  and  there  fecundate 
the  ovum,  appears  to  be  the  general  rule  in  regard  to  the  Mammalia;  and 
the  question  naturally  arises, — by  what  means  do  they  arrive  there.  It  has 
been  supposed  that  the  action  of  the  cilia  which  line  the  Fallopian  tubes 
might  account  for  their  transit;  but  the  direction  of  this  is  from  the  ovaria 
towards  the  uterus,  and  would  therefore  be  opposed  to  it.  A  peristaltic 
action  of  the  Fallopian  tubes  themselves  may  generally  be  noticed  in  animals 

♦  !The  glands  of  Duverney  have  been  lately  (1840)  very  accurately  described  by 
Professor  Tiedemann,  his  aiteniion  having  been  directed  to  these  orgiins  by  the  laie 
Dr.  Fricke  of  Hamburg.  These  glands  are  situated  at  either  siiie  ol'  the  entrance  of 
the  vagina,  beneath  the  integument  covering  the  inferior  part  of  the  vagina,  as  well 
as  the  superficial  perineal  hiscia,  and  the  constrictor  vaginas  muscle.  The  space 
they  occupy  lies  between  the  lower  end  of  the  vagina,  the  ascending  ramus  of 
the  ischium,  the  crus  ciitoridis,  and  the  erector  cliioridis  muscle.  Superiorly  are 
the  fibres  of  the  levator  ani  which  are  attached  to  the  ischium,  and  behind  these 
are  the  iransversi-perinei  muscles.  They  are  surrounded  by  very  loose  cellular 
iLssue.  They  are  rounded,  but  somewhat  elongated,  being  fiat  and  bean  shaped.  Their 
long  diameter  is  from  5  to  10  lines;  iheir  transverse  diameter  2^  to  4}  lines,  and  they 
are  from  2i  to  3  lines  thick.  The  excretory  duct  is  at  the  anterior  edge  of  the  superior 
part  of  the  gland,  and  runs  beneath  the  constrictor  vaginaB,  horizontally  forwards  and 
jnward.s  to  the  inner  face  of  the  nympha,  opening  in  front  of  the  carunculoB  myrii- 
formes,  in  the  midst  of  a  number  of  small  mucous  follicles.  These  glands  were  first 
discovered  by  Duverney  in  the  cow,  about  the  middle  of  the  seventeenth  century. 
Bartholinas  subsequently  found  them  in  the  human  female,  and  his  observations  were 
confirmed  by  Duverney,  Morgagni,  Santorini,  Peyer,  &c.  Haller  denied  their 
existence;  and  such  structure  seems  to  have  been  forgotten  until  they  were 
again  described  by  Mr.  Taylor  (Dublin  Journal,  Vol.  xiii.  1838).  They  are  ana- 
logous to  Cowper's  glands  in  the  male  according  to  Tiedemann,  and  like  them  are 
sometimes  wanting,  and  difi^er  in  size.  In  advanced  age  they  are  said  to  diminish  in 
size,  and  even  disappear.  They  are  present  in  the  females  of  all  animals,  where 
Cowper's  glands  exisi  in  the  males.  They  secrete  a  thick,  tenacious,  grayish- white 
fluid,  which  is  emitted  in  large  quantities,  at  the  termination  of  the  sexual  act, 
most  likely  from  the  spasmodic  contraction  of  the  constrictor  vaginas  muscle,  under 
which  they  lie.  Its  admixture  with  the  male  semen  Ls  supposed  to  probably  have 
some  connection  \nth  impregnation,  and  it  has  been  suggested  that  it  may  be  the 
vehicle  of  the  fecundating  jprinciple  of  the  semen.  These  glands  were  probably 
known  to  the  ancients,  and  it  is  doubtless  their  secretion  which  Hippocrates  and 
others  describe  as  the  female  semen. — M.  C] 
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killed  soon  after  sexual  intercourse;  and  in  those  which  have  a  two-homed 
membranous  uterus,  such  as  is  evidently  but  a  dilatation  of  the  Fallopian 
tube,  this  partakes  of  the  same  movement,  as  may  be  well  seen  in  the 
Rabbit.  It  is  difficult  to  see,  however,  in  what  manner  this  could  propel  a 
quantity  of  fluid  so  small  as  merely  to  cover  the  lining  of  the  cavity;  and  in 
animals  which  have  a  single  uterus  with  thicker  walls  (as  in  the  Human 
female),  it  must  evidently  be  unavailable.  Among  the  tribes  whose  ova 
are  fertilized  out  of  the  body,  the  power  of  movement  inherent  in  the  Sper- 
matozoa is  obviously  the  means  by  which  they  are  brought  in  contact  with 
the  ova;  and  it  does  not  seem  unreasonable  to  suppose,  that  the  same  is  the 
case  in  regard  to  the  higher  classes,  and  that  the  transit  of  these  curious 
particles  from  the  vagina  to  the  ovaries,  is  effected  by  the  same  kind  of 
action  as  that  which  causes  them  to  traverse  the  field  of  the  microscope. 
We  shall  now  consider  the  changes  in  the  ovum  and  its  appendages,  by 
which  it  is  prepared  for  fecundation. 

744.  Up  to  the  period  when  the  ovum  is  nearly  brought  to  maturity,  it 
remains  in  the  centre  of  the  ovisac  or  inner  layer  of  the  Graafian  vesicle; 
and  it  is  supported  in  fts  place  by  the  retinacula,  which  connect  its  tunica 
granulosa  with  the  membrana  granulosa  that  lines  the  ovisac.  (See  Fig.  6, 
Front.).     The  ovum  then  begins  to  move  towards  the  periphery  of  the 
Graafian  vesicle;  and  always  towards  that  point  of  it  which  is  nearest  the 
surface  of  the  ovary.  This  movement  appears  to  be  due,  in  the  first  instance, 
to  the  shortening  of  the  retinacula  in  that  direction;  and  whilst  the  ovum  lies 
against  the  membrane  of  the  ovisac,  a  gradual  thinning  of  the  latter  seems  to 
take  place.    At  the  same  time,  an  important  change  is  occurring  in  the  outer 
wall  of  the  Graafian  vesicle,  especially  at  the  part  most  deeply  imbedded  in 
the  ovary;  its  vascularity  is  greatly  increased,  and  its  substance  appears 
thickened.     This  thickening  is  probably  due  to  the  deposition  of  blood  in  a 
state  ready  to  become  more  highly  organized,  upon  the  exterior  of  the 
ovisac;  and  the  consequence  of  it  is,  that  considerable  pressure  is  made  upon 
the  contents  of  the  vesicle,  the  eflfect  of  which  is,  of  course,  exerted  most 
upon  the  thinnest  part  of  it.   Thus,  a  sort  of  vis  a  tergo  is  exercised  against 
the  ovum  and  the  disc  (consisting  of  the  tunica  granulosa  and  the  central 
part  of  the  retinacula)  in  which  it  is  imbedded;  and  the  whole  is  forced,  by 
the  rupture  of  the  (Graafian  vesicle,  into  the  funnel-shaped  entrance  of  the 
Fallopian  tube, — the  retinacula  being  gradually  detached  from  the  membrana 
granulosa,  which  is  left  behind.  This  action  is  represented  in  Fig.  8,  (Front.). 
What  becomes  of  the  ovisac  is  not  certain.    Dr.  Barry  has  sometimes  known 
it  to  be  subsequently  expelled  from  the  ovary;  but  it  appears  more  com- 
monly to  remain,  and  to  constitute  the  wall  of  the  cavity  which  is  usually 
found  in  the  corpus  luteum.     The  substance  known  under  this  name  is 
found  in  the  ovary  after  the  ovum  has  escaped  from  it;  and  the  importance 
of  the  question,  how  far  its  presence  may  be  regarded  as  an  indication  that 
conception  has  taken  place,  requires  that  we  should  have  clear  ideas  re- 
specting its  nature.     The  real  corpus  luteum  consists  of  a  reddish-yellow 
substance,  glandular  in  aspect,  friable  in  consistence,  and  very  vascular, 
which  occupies  a  larger  or  smaller  part  of  the  ovary  from  which  the  germ 
has  escaped,  according  to  the  length  of  time  that  has  elapsed  since  concep- 
tion. At  first  it  is  usually  so  large,  as  to  occasion  a  considerable  projection  oo 
the  surface  of  the  ovary;  its  form  is  oval,  or  resembles  that  of  a  bean.    When 
cut  across,  its  dimensions  are  usually  found  to  be  from  4  to  5-8ths  of  an 
inch  in  its  long  diameter,  and  3  to  4-8ths  in  its  short;  and  it  thus  occupies 
from  a  fourth  to  a  half  of  the  whole  area  of  tlie  ovarium;  but  these  dimen- 
sions are  not  unfrequently  exceeded.   The  centre  of  this  substance  is  hollow; 
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and  by  a  proper  acquaintance  with  this  character,  the  true  corpus  luteum 
may  be  distinguished  from  substances  bearing  a  general  resemblance  to  it,  but 
very  different  in  their  character.  The  following  is  Dr.  Montgomery's  account 
of  it.  '*  Its  centre  exhibits  either  a  cavity,  or  a  radiated  or  branching  white 
line,  according  to  the  period  at  which  the  examination  is  made.  If  within  the 
first  three  or  four  months  after  conception,  we  shall,  I  believe,  always  find 
the  cavity  still  existing,  and  of  such  a  size  as  to  be  capable  of  containing  a 
grain  of  wheat  at  least,  and  very  often  of  much  greater  dimensions;  this  cavity 
is  surrounded  by  a  strong  white  cyst  [the  inner  coat  of  the  Graafian  vesicle, 
or  original  ovisac];  and  as  gestation  proceeds,  the  opposite  parts  of  this 
cyst  approximate,  and  at  length  close  together,  by  which  the  cavity  is  com- 
pletely obliterated,  and  in  its  place  there  remains  an  irregular  white  line, 
whose  form  is  best  expressed  by  calling  it  radiated  or  stelliform.  This  is 
visible  as  long  as  any  distinct  trace  of  the  corpus  luteum  remains."*  After 
delivery,  the  size  of  the  corpus  luteum  rapidly  diminishes;  and  in  a  few 
months  it  ceases  to  be  recognizable  as  such.  The  cicatrix  by  which  the 
ovum  has  escaped  is  visible  for  some  time  longer;  but  this  too,  according  to 
the  careful  researches  of  Dr.  Montgomery,  cannot  be  distinguished  at  a  sub- 
sequent period.  Hence  there  is  no  correspondence  between  the  number  of 
corpora  lutea  found  in  the  ovaries  of  a  woman,  or  of  cicatrices  on  their  sur- 
face, and  the  number  of  children  she  may  have  borne.  The  number  of  cor- 
pora lutea  must  always  be  less,  when  there  have  been  many  conceptions; 
but  the  number  of  cicatrices  may  be  greater;  for  several  causes,  such  as  the 
escape  of  unimpregnated  ova,  or  the  bursting  of  little  abscesses,  may  give 
rise  to  such  appearances.  There  seems  good  reason  to  adopt  Dr.  Montgo- 
mery's conclusion,  that  the  true  corpus  luteum  always  results  from  impreg- 
nation; but  it  is  necessary  that  care  should  be  taken  to  distinguish  this  from 
substances  that  are  of  a  very  different  nature.  The  following  are  the  cha- 
racters given  by  Dr.  M.  as  descriptive  of  the  false  or  virgin  corpora  lutea.t 
"1.  There  is  no  prominence  or  enlargement  of  the  ovary  over  them.  2.  The 
external  cicatrix  is  almost  always  wanting.  3.  There  are  often  several  of 
them  found  in  both  ovaries,  especially  in  subjects  who  have  died  of  tubercu- 
lar disease,  such  as  phthisis,  in  which  case  they  appear  to  be  merely  depo- 
sitions of  tubercle,  and  are  frequently  without  any  discoverable  connection 
with  the  Graafian  vesicles.  4.  They  present  no  trace  whatever  of  vessels 
in  their  substance,  of  which  they  are  in  fact  entirely  destitute,  and  of  course 
cannot  be  injected.  5.  Their  texture  is  sometimes  so  infirm,  that  it  seems 
to  be  merely  the  remains  of  a  coagulum;  and  at  others  appears  fibro-cellular, 
like  that  of  the  internal  structure  of  the  ovary;  but  never  presents  the  soft, 
rich,  lobulated,  and  regularly  glandular  appearance  which  Hunter  meant  to 
express,  when  he  described  the  true  corpora  lutea  as  *  tender  and  friable  like 
grlandular  flesh.'  6.  In  figure  they  are  often  triangular,  or  square,  or  of  some 
figure  bounded  by  straight  lines.  7.  They  never  present  either  the  central 
cavity,  or  the  radiated  or  stelliform  white  line  which  results  from  its  closure." 
745.  The  object  of  the  changes  just  described,  is  to  bring  the  ovum  within 
reach  of  the  fecundating  influence;  and  to  convey  it  into  the  uterus  after  it 
has  been  fertilized.  We  have  now  to  consider  the  changes  in  the  ovum  itself, 
which  take  place  during  the  same  epoch.  At  about  the  same  period  that  the 
ovum  moves  towards  the  periphery  of  the  Graafian  vesicle,  the  germinal 
vesicle  moves  towards  the  periphery  of  the  yelk-bag;  and  it  always  takes  up 
its  position  at  the  precise  point  of  the  zona  pellucida  which  is  nearest  the 
ovisac,  and  which  is  closest  therefore  to  the  surface  of  the  ovary.  Moreover, 

•  Signs  of  Pregnancy,  p.  226.  t  Op.  cit.  p.  245. 
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the  germinal  spot  is  always  on  that  part  of  the  germinal  vesicle,  which  is  in 
closest  contact  with  the  zona  pellucida.     (See  a.  Figs.  9  and  10,  Front). 
Thus,  the  germinal  spot  is  very  near  the  exterior  of  the  ovary;  but  is  sepa- 
rated from  it  by  the  peritoneal  coat  of  the  latter,  by  a  thin  layer  of  its  stroma 
forming  the  external  layer  of  the  Graafian  vesicle,  by  the  ovisac  forming  its 
internal  membrane,  and  by  the  zona  pellucida.     We  have  already  seen  how 
the  obstacle  interposed  by  the  three  former  to  the  entrance  of  the  spermato- 
zoon is  overcome;  we  shall  presently  find  that  the  zona  pellucida  undergoes 
a  similar  change.     Whilst  the  ovum  is  being  prepared  for  fecundation,  a 
series  of  very  important  actions  take  place  in  the  germinal  vesicle.    The 
exterior  or  peripheral  portion  of  the  spot,  which  previously  consisted  of  a 
collection  of  very  minute  granules,  begins  to  develope  itself  into  a  ring  of 
new  cells  of  extreme  delicacy  (Fig.  9,  a);  these  gradually  enlarge,  and  a 
second  ring  of  cells  is  developed  within  it,  pushing  the  first-formed  cells 
further  away  from  the  centre.  Many  successive  rings  of  cells  are  thus  formed; 
and  at  last  the  whole  germinal  vesicle  is  filled  with  them,  as  shown  at  6, 
Fig.  1 0.     Still  there  remains  a  pellucid  space  in  the  centre  of  the  germinal 
spot  (resembling  that  seen  at  a.  Fig.  12),  in  which  no  cells  are  developed. 
The  first- formed  cells  that  have  been  pushed  outwards  are  so  much  com- 
pressed by  those  subsequently  formed,  as  frequently  to  undergo  liquefaction; 
and  during  the  time  that  the  ova  are  being  matured  for  fertilization,  there  is 
a  continual  new  production  of  cells  at  the  centre,  and  a  degeneration  at  the 
circumference.     At  the  same  time,  the  yelk  undergoes  changes  somewhat 
analogous;  for  it  ceases  to  contain  separate  oil-globules;  and  large  elliptical 
discs  or  cells  are  seen  in  it,  especially  just  beneath  the  zona  pellncids 
(Fig.  9,  c).*     Here,  too,  the  formation  of  new  cells  takes  place  from  the 
periphery  towards  the  centre;  the  peripheral  ones  gradually  undergo  liqas- 
faction,  as  is  seen  in  the  outer  layer  of  those  in  Fig.  10,  which  are  becoming 
indistinct;  and  they  are  replaced  by  a  new  layer  pushed  outwards  from  the 
centre.     The  same  process  subsequently  continues  in  the  yelk,  for  some 
time  after  fecundation;  and  this  not  only  in  regard  to  the  yelk  as  a  whole, 
but  in  respect  to  its  individual  cells,  as  is  shown  in  Fig.  11,  where  con- 
centric rings  of  new  cells  are  seen  in  each  of  the  parent  vesicles.     Even  in 
the  most  advanced  of  these  secondary  cells,  another  generation  may  be 
seen,  and  these  are  developed  upon  the  same  plan  with  those  of  the  ger- 
minal vesicle;  thus  in  Fig.  12,  the  pellucid  centre  of  the  original  nucleus  of 
the  parent  disc  is  seen  at  a,  and  is  surrounded  by  several  concentric  rings 
of  vesicles,  increasing  in  size  from  within  outwards;  and  at  b  is  represented 
the  condition  of  the  outer  and  older  cells,  in  which  the  same  process  is 
undergoing  repetition.    (Although  the  figure  only  represents  one  secondary 
cell  as  in  the  act  of  producing  others,  the  others  of  the  same  age  are  alike 
engaged  in  the  process  of  multiplication.)    The  foregoing  history  is  equally 
applicable  to  the  cells  from  which  the  embryo  subsequently  originates;  and 
it  is  probably  the  general  mode  in  which  the  process  takes  place. 

746.  At  the  time  when  the  interior  of  the  germinal  vesicle  is  being  pre- 
pared for  tlie  reception  of  the  fecundating  infiuence,  the  portion  of  the  zona 
pellucida  against  which  it  lies  becomes  attenuated ;  and  a  chink  then  fonns 
in  it,  just  above  what  was  the  pellucid  centre  of  the  germinal  spot.  Through 
this  chink,  the  spermatozoon  can  reach  the  germinal  vesicle ;  and  that  it 
does  so,  we  are  now  entided  to  affirm,  not  only  from  analogy,  but  also  from 
actual  observation  (§73.S).     What  is  the  nature  of  tlie  influence  communi- 

♦  It  is  to  be  remembered  that  the  observations  of  Dr.  Barry  here  quoted,  were  made 
on  the  Rabbit:  and  are,  therefore,  probably  applicable  equally  to  oiher  Mammalia,  bat 
not  to  Oviparous  Animals. 
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cated  by  it  is  less  certain;  but  from  the  known  character  of  the  process  of 
fecundation  in  Plants,  we  shall  have  litde  difficulty  in  concluding,  that  it 
deposits  in  tlie  germinal  vesicle  the  rudiments  of  the  cells  which  are  subse- 
quendy  to  be  developed  into  the  embryonic  structure.  It  is  certain  that  none 
of  the  cells  previously  contained  in  the  germinal  vesicle  subsequenUy  form 
part  of  it;  in  fact,  they  all  liquefy  after  a  time,  and  disappear  entirely.  But 
in  the  previously  pellucid  centre  of  what  was  the  germinal  spot,  two  new 
ceUs  are  seen  after  fecundation;  these  enlarge  at  the  expense  of  the  rest;  and 
from  them,  all  die  permanent  structures  originate.  This  pair  of  cells  is  seen 
at  a,  Figs.  13  and  14;  in  the  fonner  some  of  the  cells  of  the  germinal  vesi- 
cle are  sdll  lefl;  in  the  latter,  they  have  been  all  absorbed.  The  germmal 
vesicle  returns  after  fecundation  to  die  centre  of  the  yelk,  being  at  first  entirely 
concealed  by  its  discs  (Fig.  1 1);  and  the  cleil  in  die  zona  pellucida  soon 
closes,  so  as  to  be  no  longer  distinguishable.  The  two  new  cells  and  the 
other  contents  of  the  germinal  vesicle,  undergo  such  a  rapid  increase  in  size, 
that  they  soon  fill  die  whole  interior  of  the  zona  pellucida;  and  the  cells  of 
the  yelk  being  reduced  by  die  pressure  into  a  liquid  form,  their  elements  are 
absorbed  by  the  new  cells  of  the  embryonic  structure.  This,  at  least,  is  the 
case  in  the  Mammalia;  among  which  the  yelk  performs  but  a  very  subordi- 
nate part,  having  only  to  serve  for  the  development  of  the  embryo  during  a 
very  brief  period.  In  each  of  the  two  primary  germ-cells  (as  they  may  be 
called)  a  series  of  changes  takes  place  exacdy  conformable  to  that  already 
described  as  occurring  in  the  germinal  vesicle; — that  is  to  sayr— a  ring  of  new 
cells  originates  in  the  margin  of  its  nucleus, — this  increases  in  size,  and  is 
pushed  outwanls  by  another  ring  nearer  the  centre,  this  again  by  anodier,  and 
so  on,— and  at  last,  two  cells  appear  in  the  pellucid  central  space,  which  arc 
developed  at  the  expense  of  all  die  rest,  and  are  to  be  regarded  as  the  real 
permanent  ofispring  of  the  parent.  These  changes  may  be  seen  in  progress 
in  Figs.  13  and  14;  in  the  former,  the  original  cells  of  the  germinal  vesicle 
have  not  quite  disappeared,  although  their  liquefaction  is  in  progress;  in  the 
latter,  no  vestige  of  diem  is  lefl,  the  whole  cavity  being  occupied  by  the  twin- 
cells. 

747.  These  changes  commence  during  the  passage  of  the  ovum  along  die 
Fallopian  tube ;  and  during  its  transit  to  the  uterus,  it  receives  a  very  impor- 
tant addition,  that  of  the  Chorion.  This  new  envelope  is  stated  by  Dr. 
Barry  to  be  formed  at  die  expense  of  the  blood-disc«,  which  lie  in  great 
numbers  on  the  lining  membrane  of  the  Fallopian  tube  at  the  time  of  concep- 
tion, and  which  seem  to  have  an  unusual  degree  of  vitality.  When  diey  are 
removed  from  diis  membrane,  and  arc  placed  (with  a  sufficient  quantity  of 
the  mucous  fiuid  in  which  they  are  suspended)  beneath  the  microscope,  they 
are  seen  to  execute  for  some  time  very  remarkable  movements,  which  cannot 
be  referred  to  any  cause  except  an  inherent  vitality,  and  which  may  be 
regarded  as  very  analogous  to  those  of  the  Spermatozoa.  The  movements 
may  be  seen  in  the  bloody  fluid  scraped  off  from  the  lining  membrane  of  the 
Fallopian  tubes,  and  especially  of  their  fimbriated  extremity,  some  hours 
afler  the  death  of  the  animal,  and  for  an  hour  or  more  after  being  taken  out 
of  the  body.  It  is  obvious  that  some  purpose  must  be  answered  by  this 
heightened  vitality  of  the  blood-corpuscles  of  the  part;  and  there  is  certainly 
no  a  priori  improbability  in  the  facts  stated  by  Dr.  B.  as  to  their  transforma- 
tion into  the  elements  of  the  chorion.  This  membrane  is  obviously  composed 
of  cells  in  the  first  instance;  and  die  remains  of  them  may  bo  frequently  seen 
when  the  membrane  is  otherwise  complete,  as  in  Fig.  14.  From  the  surface 
of  the  chorion,  a  large  number  of  villous  prolongations  afterwanls  shoot  forth; 
these  serve  as  absorbing  radicles,  and  form  the  channel  through  which  the 
73 


578 


OF  REPRODUCTION. 


embryo  is  nourished  by  the  fluids  of  the  parent,  until  a  more  perfect  commu- 
nication is  formed. 

748.  We  have  now  to  speak  of  the  changes  in  the  uterus,  which  take  pisce 
in  consequence  of  conception,  and  which  prepare  it  to  receive  the  ovum.  Of 
these  the  most  important  is  the  formation  of  itve  memhrana  decidtta^  so  called 
from  its  being  cast  off  at  each  parturition.  This  membrane  has  been  usually 
supposed  to  be  a  new  formation;  and  has  been  described  as  originating  in 
coagulable  lymph  thrown  out  on  the  inner  surface  of  the  uterus,  into  which 
vessels  are  prolonged  from  the  subjacent  surface.  It  appears,  however,  from 
the  late  researches  of  Dr.  Sharpey  and  Prof.  Weber,*  that  this  is  not  the 
true  account  of  it;  and  that  the  decidua  is  really  composed  of  the  inner  po^ 
tion  of  the  mucous  membrane  itself,  which  undergoes  a  considerable  change 
in  its  character.  The  mucous  membrane  of  the  uterus  had  been  observed 
by  Dr.  J.  Reid  to  possess,  on  its  free  surface,  a  tubular  stnicture,  not  very 
unlike  that  which  has  been  described  as  existing  in  the  lining  membrane  of 
the  stomach  (§  704  and  Fig.  79).  This  tubular  portion  becomes  thickened 
and  increased  in  vascularity,  within  a  short  time  af\cr  conception;  and  when 
the  inner  surface  of  a  newly-impregnated  uterus  is  examined  with  a  low 
magnifying  power,  the  orifices  of  its  tubes  are  very  distincdy  seen,  being 
lined  with  a  white  epithelium.  The  blood-vessels  form  a  vcrj-  minute  net- 
work, which  extend  in  loops  from  the  subjacent  portion  of  the  membrane^  as 


Fig.  87. 


Pig.  88. 


Section  of  uterus,  showing  the  position  of 
the  decidua  vera;  a, cervix;  6, 6, orifices  of 
Fallopian  lubes;  r,  decidua  vera;  d,  cavity 
of  uterus. 


Section  of  utems,  at  entnuice  of  omm/,  for 
rounded  by  its  chorion  g;  a,  cerrix;  Aj&^Fillo- 
pian  tubes;  c,  decidua  \era;  d,  cavity  of  uiens; 
e,  decidua  reflexa. 


seen  in  Fig.  17  (Front)  Of  the  orifices  of  the  glandular  follicles,  some 
aftcrwartls  become  widened  and  enlarged,  for  the  reception  of  the  fceial  villi. 
The  thickness  of  the  decidua  when  fully  formed  is  from  one  to  three  lines; 
its  inner  surface  is  smooth;  whilst  that  in  connection  with  the  uterus  is 
rough,  in  consequence  of  the  var}'ing  length  of  the  lubes,  and  of  tlie  vascular 
connections  of  the  two  structures.  It  has  not  yet  been  explained,  how  the 
decidua  is  formed  continuously  over  the  upper  orifice  of  the  cenix  uteri, ami 
over  the  orifices  of  the  Fallopian  tubes,  as  is  frequently,  though  by  no  means 
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uniformly,  the  case;  and  it  seems  as  if  a  new  production  must  there  take 
place.  The  formation  of  the  uterine  decidua  occurs  whether  the  ovum  reach 
the  uterus  or  not;  it  heing  probably  invariable  *  in  cases  of  extra-uterine 
pregnancy,  even  though  a  decidua  is  formed  around  the  ovum  in  the  placo 
of  its  lodgment.  Besides  the  decidua  lining  the  uterus,  however,  another 
membrane,  continuous  with  this,  ftiniishes  a  proper  envelope  to  the  ovum; 
and  this  has  been  termed  thti  decidua  re/lexa.  The  formation  of  this  is 
usually  explained,  in  conformity  with  the  account  of  Dr.  W.  Hunter,  after 
the  following  manner.  The  o\'um,  on  passing  from  the  Fallopian  tube  into 
the  uterus,  puslies  before  it  a  portion  of  the  decidua  vera,  as  represented  in 
Fig.  88;  and  this  portion  is  gradually  extended,  by  the  subsequent  growth 
of  the  ovum,  so  as  at  last  to  surround  it  completely.  If  this  were  precisely 
the  case,  however,  the  structure  of  the  two  membranes  ought  to  be  the  same, 
which  it  is  not;  for,  according  to  the  observations  of  Dr.  Sharpey,t  the  de- 
cidua reflexa  is  destitute,  in  great  part  of  its  surface,  of  the  small  orifices 
which  characterize  the  vera;  and  these  are  confined  chiefly,  though  not 
entirely,  to  a  zone  of  the  membrane  surrounding  the  angle  of  reflexion,  that 
is,  to  the  part  next  the  decidua  vera.  It  would  seem  more  probable,  therefore, 
that  the  decidua  reflexa  is  almost  entirely  a  new  production,  the  growth  of 
which  is  simultaneous  with  the  enlargement  of  the  ovum;  and  that  the  de- 
cidua vera  has  no  more  share  in  its  formation,  than  as  supplying,  through  its 
vessels,  the  necessary  materials.  As  the  ovum  increases  in  size,  tlie  decidua 
reflexa  which  covers  it,  comes  into  contact  with  the  decidua  vera,  which  lines 
the  uterus ;  and  the  fluid  that  previously  filled  the  cavity  disappears  by  ab- 
sorption; this  usually  happens  during  the  third  month.  After  this  period,  it 
is  diflficult,  and  frequently  impossible,  to  distinguish  the  two  layers;  and  even 
in  aborted  ova  of  an  earlier  age,  the  decidua  reflexa  is  not  always  to  be 
found,  on  a  carefid  examination;  so  that  its  very  existence  has  been  denied 
by  some.  At  one  part  of  its  surface,  the  ovum  is  covered  neither  by  the 
decidua  vera,  nor  by  the  decidua  reflexa;  this  is  where  the  former  was 
originally  detached  from  the  wall  of  the  uterus,  by  the  ovum,  and  where  it 
becomes  continuous  with  the  latter.  It  is  at  this  point  that  the  placenta  is 
subsequently  formed.  The  deficiency  is  supplied,  however,  by  a  new 
production,  very  analogous  in  structure  to  the  decidua  reflexa,  and  conti- 
nuous with  the  reflected  fold  of  the  decidua  vera;  this  is  termed  (from  its 
formation  being  supposed  to  take  place  at  a  later  period)  the  decidua 
serotina  (Fig.  93,/). 

749.  The  formation  of  the  placenta  commences  by  the  penetration  of 
the  ramified  villi,  or  filamentous  processes  of  the  chorion,  into  the  tubuli 
of  the  decidua;  the  villi  thus  serve  as  roots,  which  suck  up  and  convey  to 
the  embryo  the  nourishment  secreted  for  it  by  the  maternal  stnictures. 
The  mode  in  which  these  villi,  at  first  consisting  merely  of  cells,  become 
connected  with  the  vessels  of  the  foetus,  will  be  explained  hereafter.  This, — 
the  earliest  and  simplest  mode  by  which  the  foetus  eflects  a  new  connection 
with  the  parent, — is  the  only  one  in  which  it  ever  takes  place  in  the  lower 
Mammalia,  which  are  hence  properly  designated  as  *'  non-placental,"  rather 
than  as  ovo-viviparous.  In  the  higher  Mammalia,  however,  there  soon  occurs 

•  The  doctrine  of  ihe  formatiun  of  the  decidua  here  adopted  on  the  authority  of 
the  iwo  accomplished  anatomists  mentioned  above,  tends  to  reconcile  the  contradict- 
ory observations  which  have  been  recorded  on  this  interesting  point;  for  in  ihoae 
cases  in  which  nothing  but  an  increase  of  thickness  and  sponginess  in  the  mucous 
membrane  of  the  uterus  was  observable,  the  very  change  was  in  progress  in  which 
the  formation  of  the  decidua  consists. 

t  Loc.  cit. 
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a  great  extension  of  the  vascular  tufts  of  the  foetal  chorion,  at  certain  points; 
and  a  corresponding  adaptation,  on  the  part  of  the  uterine  structure,  to  aflonl 
them  an  increased  supply  of  nutritious  fluid.     These  specially-prolonged 
portions  are  scattered,  in  the  Ruminantia  and  some  other  Mamoialia,  ofer 
tlie  whole  surface  of  the  chorion,  forming  what  are  termed  the  cotyledons; 
but  in  the  higher  orders,  and  in  Man,  they  are  concentrated  in  one  spot, 
forming  the  placenta.     In  some  of  tlie  lower  tribes,  the  maternal  and  the 
foetal  portions  of  the  placenta  may  be  very  easily  separated;  the  former  con- 
sisting of  the  thickened  dccidua;  and  the  latter  being  composed  of  the  pro- 
longed and  ramifying  vascular  tufts  of  the  chorion,  dipping  down  into  iL 
But  in  the  Human  placenta,  the  two  elements  are  mingled  together  through 
its  whole  substance.     On  looking  at  its  foetal  surface,  we  perceive  thai  the 
umbilical  vessels  diverge  in  every  direction  from  the  point  at  which  they 
enter  it;  and  their  subdivisions  ramify  very  minutely,  forming  a  large  part 
of  its  substance.    The  terminal  ramifications  are  represented  by  Dr.  J.  Reid' 
as  having  the  form  represented  in  Fig.  23  (Front.),  each  consisting  of  a& 
artery  and  vein  bound  up  together;  thus  closely  resembling  the  arrangement 
of  the  vessels  of  the  gills  in  aquatic  animals.     By  Weber,  however,  a  som^ 
what  different  description  of  the  terminations  of  the  foetal  vessels  is  given; 
each  villus  being  represented  by  him  as  consisting  of  a  capillary  reuA 
communicating  with  the  artery  and  vein,  and  making  several  turns  npon 
itself,  so  as  to  form  a  series  of  loops.     It  is  of  little  practical  importanoe 
which  statement  is  the  most  correct;  since  the  essential  fact,  that  each  villv 
contains  the  terminal  connecting  branch  of  an  artery  and  a  vein,  is  recognized 
in  both.t    The  maternal  portion  of  the  placenta  may  be  regarded,  according 
to  Dr.  J.  Reid,  as  consisting  of  a  large  sac  formed  by  a  prolongation  of  the 
inner  coat  of  the  uterine  vessels;  against  the  foetal  surface  of  this  sac,  the 
tufts  just  described  may  be  said  to  push  themselves,  so  as  to  dip  down  into 
it,  carrying  before  them  a  portion  of  its  thin  wall,  which  constitutes  a  sheath 
to  each  tuft.     In  this  manner,  the  whole  interior  of  the  placental  cavity  is 
intersected  by  numerous  tufts  of  foetal  vessels,  disposed  in  fringes,  and  boiuid 
down  by  reflexions  of  the  delicate  membrane  that  forms  its  proper  wall;  jost 
as  the  intestines  are  held  in  their  places  by  reflexions  of  the  peritoneum  that 
covers  tliem.     This  view  was  suggested  to  Dr.  R.  by  the  very  interesting 
fact,  that  the  tufts  of  foetal  vessels  not  unfrequently  extend  beyond  the  nterine 
surface  of  the  placenta,  and  dip  down  into  the  uterine  sinuses,  where  they 
are  still  covered,  and  held  in  their  places,  by  die  same  reflected  membrane. 
The  blood  is  conveyed  into  the  placental  cavity  by  the  "curling  arteries" 
of  the  uterus;  and  is  returned  from  it  by  the  large  veins  Uiat  are  commonly 
designated  as  sinuses.}     The  foetal  vessels,  being  bathed  in  this  blood,  as 
the  branchiae  of  aquatic  animals  are  in  the  water  that  surrounds  them,  not 
only  enable  the  foetal  blood  to  exchange  its  venous  character  for  the  arterial, 
by  parting  with  its  carbonic  acid  to  the  maternal  blood,  and  receiving  oxygen 
from  it;  but  they  also  serve  as  rootlets,  by  which  certain  nutritious  elements 
of  the  maternal  blood  (probably  those  composing  the  liquor  sanguinis)  are 
taken  into  the  system  of  die  foetus.     There  is  no  more  direct  com municadon 
between  the  mother  and  foetus  than  this;  all  tlie  observations  which  liave 
been  supposed  to  prove  the  existence  of  real  vascular  continuity,  having  been 

♦  Edinburgh  Med.  and  Surg.  Journal,  Jan.  1^1. 

t  It  has  been  suggested  to  the  Author  by  his  friend  Dr.  J.  Reid,  that  the  appear- 
ances described  by  Weber,  and  more  recently  by  Mr.  Dalrymple,  are  doe  to  the  ves- 
sels having  been  over-disiended  by  injection;  his  own  view  being  founded  upon  ob- 
servations u^n  villi  that  had  been  but  moderately  distended. 

tA  plan  ol  Dr.  Reid's  idea  of  this  structure  is  shown  in  Fig.  24  [Fbokt.]. 
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falsified  by  the  extravasation  of  fluid,  consequent  upon  the  force  used  in 
injecting  the  vessels.  Moreover  the  different  size  of  the  blood-corpuscles 
in  the  foetus  and  in  the  parent  (§  477)  shows  the  non-existence  of  any  such 
communication.  That  the  placenta  is  not  absolutely  necessary  to  the  nutri- 
tion of  the  Human  foetus,  any  more  than  to  that  of  the  non-placental  Mam- 
malia, is  a  doctrine  that  has  been  maintained  by  several  physiologists  of 
eminence,  in  consequence  of  the  not  very  unfrequent  occurrence  of  cases  in 
which  it  has  been  very  imperfectly  formed,  so  as  to  be  manifestly  unfit,  at 
least  in  great  degree,  for  the  performance  of  its  functions;*  and  it  cannot  but 
be  admitted,  that  there  is  much  evidence  in  support  of  this  view.  In  those 
cases,  however,  in  which  the  placenta  has  been  from  the  first  imperfectly 
formed,  the  nutrition  of  the  foetus  has  manifesdy  suffered;  whilst  in  those  in 
which  a  degeneration  of  its  structure  has  taken  place  (as  by  the  deposition 
of  calcareous  matter),  there  is  no  evidence  that,  up  to  a  late  period  of  preg- 
nancy, the  foetus  may  not  have  been  nourished  through  its  means.  Where 
the  placental  structure  is  so  abnormal,  that  it  cannot  be  imagined  to  be  sub- 
servient to  its  proper  function,  we  must  suppose  the  nutrition  of  the  foetus  to 
take  place  through  the  medium  of  the  liquor  amnii,  which  is  probably 
absorbed  by  its  cutaneous  vessels. 

750.  The  formation  of  the  placenta,  in  the  manner  just  described,  com- 
mences in  the  latter  part  of  the  second  month;  during  the  third,  it  acquires 
its  proper  character;  and  it  subsequently  goes  on  increasing,  in  accordance 
with  the  growth  of  the  ovum.  Towards  the  end  of  the  term  of  gestation, 
however,  it  becomes  more  dense  and  less  vascular;  owing,  it  would  seem,  to 
the  obliteration  of  several  of  the  minuter  vessels,  which  are  converted  into 
hard  fibrous  filaments.  The  vessels  of  the  uterus  undergo  great  enlarge- 
ment throughout,  but  especially  at  the  part  to  which  the  placenta  is  attached; 
and  the  blood  in  moving  through  them  produces  a  peculiar  murmur,  which 
is  usually  distinctly  audible  at  an  early  period  of  pregnancy,  and  may  be 
regarded  (when  due  care  is  taken  to  avoid  sources  of  fallacy)  as  one  of  its 
most  unequivocal  positive  signs.  The  placental  bruit  is  thus  described  by 
Dr.  Montgomery.!  *'  The  characters  of  this  phenomenon  are,  a  low  mur- 
muring or  somewhat  cooing  sound,  resembling  that  made  by  blowing 
gently  over  the  lip  of  a  wide-mouthed  phial,  and  accompanied  by  a  slight 
mshing  noise,  but  without  any  sensation  of  impulse.  The  sound  is,  in  its 
returns,  exacdy  synchronous  with  the  pulse  of  the  mother  at  the  time  of 
examination;  and  varies  in  the  frequency  of  its  repetitions,  with  any  acci- 
dental variation  which  may  occur  in  the  maternal  circulation.  Its  situation 
does  not  vary  during  the  course  of  the  same  pregnancy;  but  in  whatever 
region  of  the  uterus  it  is  first  heard,  it  will  in  future  be  found,  if  recognized 
at  all, — for  it  is  liable  to  intermissions, — at  least  we  shall  occasionally  be 
unable  to  hear  it  where  we  have  already  heard  it  a  short  time  before,  and 
where  we  shall  shortly  again  recognize  it.  According  to  my  experience,  it 
will  be  most  frequently  heard  about  the  situation  of  the  Fallopian  tube  of  the 
right  side;  but  it  may  be  detected  in  any  of  the  lateral  or  anterior  parts  of  the 
uterus.*'  That  the  cause  of  this  sound  exists  in  the  uterus  itself,  is  distinctly 
proved  by  the  fact,  that  it  has  been  heard  when  the  uterus  was  so  completely 
anteverted,  that  the  fundus  hung  down  between  the  patient's  thighs.  A  sound 
so  much  resembling  this  as  to  be  scarcely  distinguishable  from  it,  may  be 
occasioned,  however,  by  a  cause  of  a  very  different  nature, — namely,  an 
abdominal  tumour,  pressing  upon  the  aorta,  iliac  arteries,  or  enlarged  vessels 

♦  For  a  collection  of  such  cases,  see  Dr.  Danglison's  Physiology,  Vol.  ii. 
t  Op.  oil.  p.  121. 
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of  its  own;  and,  in  doubtful  cases,  it  is  necessary  to  give  full  weig^ht  to  the 
possibility  of  such  an  explanation.  The  sound  may  be  imitated  at  any 
time,  by  pressing  the  stetlioscope  on  the  iliac  arteries.  The  placental  broit 
has  been  not  unfrequently  heard  in  the  11th  week;  but  it  cannot  generally 
be  detected  before  tlie  fourth  month,  when  the  fundus  uteri  rises  above  the 
anterior  wall  of  the  pelvis. 

751.  The  amount  of  the  peculiar  tissue  of  the  uterus  (§  375)  gready 
increases  during  pregnancy;  and  from  the  recent  observations  of  Dr.  R. 
Lee,  it  appears  that  a  corresponding  increase  takes  place  in  the  size  of  the 
nervous  ganglia.  At  the  same  time  the  Mammary  gland  and  its  appendages 
undergo  a  fuller  development;  and  from  this  a  valuable,  but  not  nneqaivoal, 
indication  of  pregnancy  may  be  drawn.  Occasional  shooting  pains  in  the 
mamms  are  not  unfrequently  experienced  within  a  short  period  after  con- 
ception; and  more  continued  tenderness  is  also  not  unusual.  A  sense  of 
distension  is  very  commonly  experienced  at  about  the  end  of  the  second 
month;  and  from  that  time  a  distinct  *'  knottiness**  usually  begins  to  pre- 
sent itself,  increasing  with  the  advance  of  pregnancy.  In  many  instances, 
however,  these  mammary  sympathies  are  entirely  absent,  and  they  may  be 
stimulated  by  changes  that  take  place  in  consequence  of  various  affections 
of  the  uterus.  A  change  of  colour  in  the  areola  is  a  very  common  but  not 
an  invariable  occurrence  in  the  early  months  of  pregnancy;  but  another 
sign  is  afforded  by  the  areola  and  nipple,  which  is  of  more  value  because 
more  constant, — namely,  a  puffy  turgescence,  and  an  increased  devdop- 
mcnt  of  tlie  little  glandular  follicles,  or  tubercles,  which  commonly  secrete 
a  dewy  moisture.  The  presence  or  absence  of  kiesteine  in  the  urine  ($  690) 
may  probably  be  regarded  as  one  of  the  best  diagnostic  signs  we  possess.^ 
This  substance  appears  on  the  surface  of  tlie  fluid,  aller  it  has  stood  two  or 
three  days,  in  the  form  of  a  thin  pellicle  of  a  somewhat  fatty  aspect;  it  is 
preceded  by  a  sediment  which  has  very  much  the  appearance  of  cotton 
wool;  and  it  disappears  when  the  urine  is  decomposing,  at  the  same  time 
emitting  an  odour  like  that  of  putrid  cheese.  Many  other  changes  in  the 
constitution  take  place  during  pregnancy,  indicated  by  the  buffiness  of  the 
blood,  the  irritability  of  the  stomach,  and  the  increased  excitability  of  the 
mind.  All  these,  however,  are  discussed  with  sufficient  ampliflcation,  in 
works  on  Obstetric  Medicine, 

752.  The  act  of  Conception,  being  one  of  a  purely  organic  nature,  is  not 
attended  with  any  consciousness  on  the  part  of  the  mother;  but  there  are 
some  women  in  whom  it  is  attended  with  certain  sympathetic  afiections, 
such  as  faintiiess,  vertigo,  <&;c.,  that  enable  them  to  fix  upon  the  particohir 
time  at  which  it  has  taken  place.  From  that  period,  however,  the  mother 
has  no  consciousness  of  the  change  going  on  in  the  uterus;  until  the  occar- 
rence  of  what  is  termed  **  quickening."  This  is  generally  described  as  a 
kind  of  fluttering  movement,  attended  with  some  degree  of  syncope  or 
vertigo.  After  it  has  once  occurred,  and  has  strongly  excited  attention,  it 
is  occasionally  renewed  once  or  twice,  and  then  gives  place  to  the  ordinary 
movements  of  the  foBlus.  Not  unfrequently,  however,  no  movement  what- 
ever is  felt,  until  near  the  end  of  the  term  of  gestation,  or  even  through  the 
whole  of  it.  As  to  the  cause  of  the  sensation,  Obstetricians  are  much  divided; 
and  no  satisfactory  account  has  been  given  of  it.  It  has  been  vulgarly  sup- 
posed to  be  due  to  the  first  movement  of  the  foetus,  which  was  imagined 
then  to  become  possessed  of  an  independent  life;  and  the  English  hw 
recognizes  the  truth  of  this  doctrine,  in  varying  the  punishment  of  an 

•  {See  an  excellent  paper  on  this  subject  in  the  American  Journal  of  Medical 
Sciences,  No.  VII.,  N.  S.    By  Dr.  Elisha  Kane.~M.  C.} 
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attempt  to  procure  abortion,  according  to  whether  the  woman  be  '*  quick 
with  child"  or  not;  and  in  delaying  execution  when  a  woman  can  be  proved 
to  be  so;  though  it  is  made  to  proceed  if  she  is  not,  even  if  she  be  unques- 
tionably pregnant.  Whether  or  not  the  first  sensible  motions  of  the  foetus 
are  the  cause  of  the  peculiar  feeling  in  question,  there  can  be  no  doubt  that  the 
embryo  has  as  much  independent  vitality  before,  as  after,  the  quickening. 
From  the  time  that  the  ovum  quits  the  ovary,  it  ceases  to  be  a  part  of  the 
parent,  and  is  dependent  on  it  only  for  a  due  supply  of  nourishment,  which 
it  converts,  by  its  own  inherent  powers,  into  its  proper  fabric.  This  de- 
pendence cannot  be  said  to  cease  at  the  moment  of  quickening;  for  the 
connection  must  be  prolonged  several  weeks,  before  the  foetus  can  be  said 
to  be  capable  of  living  without  such  assistance.  The  earliest  period  at 
which  this  may  occur,  will  be  presently  considered. 

753.  At  the  conclusion  of  about  nine  (solar)  months  from  the  period  of 
conception,  tlie  time  of  parturition  arrives.  The  uterus,  by  its  own  etforts, 
and  by  the  assistance  of  the  diaphragm  and  abdominal  muscles,  expels  its 
contents;  and  the  membranes  of  the  ovum  being  usually  ruptured  before  it 
is  entirely  discharged,  the  foetus  comes  at  once  into  the  world.  Respecting 
the  degree  in  which  the  parturient  efforts  are  probably  dependent  on  nervous 
influence,  some  remarks  have  been  already  made  (§  203).  It  seems  by  no 
means  unlikely,  that  the  uterus,  though  not  itself  dependent  upon  the  spinal 
cord  for  its  power  of  contraction,  may  contain  numerous  afferent  or  excitor 
fibres;  and  that  these,  being  compressed  by  the  efforts  of  its  own  muscular 
structure,  may  propftgate  to  the  spinal  cord  the  stimulus  necessary  for  the 
consentaneous  action  of  the  assistant  muscles.  Those  who  may  watch  a 
labour,  with  an  attentive  consideration  of  its  phenomena,  will  find  that  the 
*'  pains"  usually  commence  in  the  uterus  itself,  and  that  it  is  only  when 
they  become  decided,  that  the  power  of  the  other  muscles  is  called  into 
operation.  As  to  the  reason  why  the  period  of  parturition  should  be  just 
nine  months  after  that  of  conception,  we  know  notliing  more  than  we  do  of 
that  of  similar  facts  in  the  physical  history  of  Man, — such  as  the  periodical 
return  of  the  catamenia,  the  renewal  of  the  teeth, — the  recurrence  of  the 
tendency  to  sleep,  &c.  That  it  is  immediately  dependent  upon  some  state 
of  the  constitution,  rather  than  upon  the  condition  of  the  uterus,  appears 
from  the  fact  that,  in  cases  of  extra-uterine  pregnancy,  contractions  resem- 
bling those  of  labour  take  place  in  its  walls.  Moreover,  various  states  of 
the  constitution,  especially  that  which  is  designated  as  irritability,  may 
induce  the  occurrence  of  the  parturient  efforts  at  an  earlier  period;  and  this 
constitutes  abortion  or  premature  delivery,  according  to  the  viability  of  the 
child.  There  are  some  women,  in  whom  this  regularly  happens  at  a  certain 
month,  so  that  it  seems  to  be  an  action  natural  to  them;  but  it  is  always  to 
be  prevented,  if  possible,  being  injurious  alike  to  the  mother  and  child;  and 
this  prevention  is  to  be  attempted  by  rest  and  tranquillity  of  mind  and  body, 
and  by  a  careful  avoidance  of  all  the  exciting  causes,  which  may  produce 
uterine  contractions  by  their  operation  on  the  nervous  system.  For  it  is 
to  be  remembered  that,  although  the  muscular  fibres  of  the  uterus  are 
capable,  like  those  of  the  alimentary  canal,  of  an  independent  action,  they 
are  likely  to  be  excited  to  operation  through  the  nervous  system,  and  espe- 
cially through  the  sympathetic  (§  203).  The  same  action  which  expels 
tlie  foetus  also  detaches  the  placenta;  and  if  the  uterus  contract  with  suffi- 
cient force  after  this  has  been  thrown  off,  the  orifices  of  the  vessels  which 
communicated  with  it  are  so  effectually  closed,  that  little  or  no  hemorrhage 
takes  place.  If,  however,  the  uterus  does  not  contract,  or  relaxes  after 
having  contracted,  a  large  amount  of  blood  may  be  lost  in  a  short  time  from 
the  open  orifices.    For  some  little  time  aflcr  parturitioDi  a  sero-sanguineous 
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discharge  termed  the  lochia,  is  poured  out  from  the  uterus;  and  this  eom* 
monly  contains  shreds  of  the  deciduous  membrane,  which  had  not  been 
previously  detached.  Within  a  few  weeks  after  delivery,  the  uterus  regains 
(at  least  in  a  healthy  subject)  its  previous  condition;  and  it  is  probable  that 
the  portion  of  its  mucous  membrane  which  had  been  thrown  off  as  decidua, 
is  very  early  reproduced. 

754.  The  duration  of  pregnancy  is  commonly  stated  at  nine  solar 
months;  but  it  would  be  more  correct  to  fix  the  period  at  40  weeks,  or  280 
days,  which  exceeds  nine  months  by  from  5  to  7  days,  according  to  the 
months  included.  This,  at  least,  is  the  average  result  of  obsenration,  in 
cases  in  which  the  period  of  conception  could  be  fixed,  from  peculiar 
circumstances,  with  something  like  certainty.  The  mode  of  reckoning 
customary  among  women,  is  to  date  from  the  middle  of  the  month  afler  the 
last  appearance  of  the  catamenia;  but  it  is  certain  that  conception  is  moch 
more  likely  to  take  place  soon  after  they  have  ceased  to  flow,  than  at  a  later 
period  (§  472,  n.);  so  that,  in  most  instances,  it  would  be  most  correct  to 
expect  labour  at  forty  weeks  and  a  few  days  after  the  last  recurrence  of  the 
menses.  The  period  of  quickening  may  be  relied  on  in  some  women,  in 
whom  it  occurs  with  great  regularity  in  a  certain  week  of  pregnancy;  but 
there  is  in  general  great  latitude  as  to  the  time  of  its  occurrence.  The  usual 
or  average  time  is  probably  about  the  18th  week. 

755.  The  question  of  the  extreme  limits  of  gestation,  is  one  of  great 
importance  both  to  the  practitioner  and  to  the  medical  jurist;  but  it  is  one 
which  cannot  yet  be  regarded  as  satisfactorily  decided.  Many  persona, 
whose  experience  should  give  much  weight  to  their  opinion,  maintain  that 
the  regular  period  of  40  weeks  is  never  extended  for  more  than  two  or 
three  days;  whilst,  on  the  other  hand,  there  are  numerous  cases  on  record, 
which,  if  testimony  is  to  be  believed  at  all  (and  in  many  of  these,  the 
character  and  circumstances  of  the  parties  placed  them  above  suspicion), 
furnish  ample  evidence  that  gestation  may  be  prolonged  for  at  least  three 
weeks  beyond  the  regular  term.*  The  English  law  fixes  no  precise  limit; 
and  the  decisions  which  have  been  given  in  our  courts,  when  questions  of 
this  kind  have  been  raised,  have  been  mostly  formed  upon  the  collateral 
circumstances.  The  law  of  France  provides  that  the  legitimacy  of  a  chOd 
born  within  300  days  after  the  death  or  departure  of  the  husband  shall  not 
be  questioned;  and  a  child  born  after  more  than  300  days  is  not  declared 
a  bastard,  but  its  legitimacy  may  be  contested.  By  the  Scotch  law,  a 
child  is  not  declared  a  bastard,  unless  born  after  the  tenth  month  from  the 
death  or  departure  of  the  husband.  The  analogical  evidence  drawn  from 
observations  on  the  lower  animals  is  extremely  strong.  The  observations 
of  Tessier,  which  were  continued  during  a  period  of  forty  years,  with  every 
precaution  against  inaccuracy,  have  furnished  a  body  of  results,  which 
seems  quite  decisive.  In  the  Cow,  the  ordinary  period  of  gestation  m 
about  the  same  as  in  the  Human  female;  but  out  of  577  individuals,  no  less 
than  20  calved  beyond  tlie  298th  day,  and  of  these,  some  went  on  to  the 
321st,  making  an  excess  of  nearly  six  weeks.  Of  447  Mares,  whose 
natural  period  of  gestation  is  about  335  days,  42  foaled  between  the  359th 
and  the  419th  day,  the  greatest  protraction  being  thus  84  days,  or  just  one- 
fourth  of  the  usual  term.  Of  912  Sheep,  whose  natural  period  is  about  151 
days,  96  yeaned  beyond  the  153d  day;  and  of  these,  7  went  on  until  the 
157th  day,  making  an  excess  of  6  days.  Of  161  Rabbits,  whose  natural 
period  is  about  30  days,  no  fewer  than  25  littered  between  the  32d  and 

•  A  good  colleclion  of  such  cases  will  be  foand  in  Dr.  Montgomery's  excellent 
work  on  the  Signs  of  Pregnancy. 
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35th;  the  greatest  protraction  was  here  one-sixth  of  the  whole  period,  and 
the  proportion  in  which  there  was  a  manifest  prolongation  was  also  nearly 
one-sixth  of  the  total  number  of  individuals.  With  regard  to  incubation, 
Tessier  found  that  there  was  not  unfrequently  a  prolongation  to  the  amount 
of  3  days,  or  one-seventh  of  the  whole  period,  in  the  case  of  the  common 
Hen.  In  regard  to  Cows,  the  observations  of  Tessier  have  been  recently 
confirmed  by  those  of  Earl  Spencer,  who  has  published*  a  table  of  the 
pefiod  of  gestation  as  observed  in  764  individuals;  he  considers  the  average 
period  to  be  284  or  285  days:  but  no  fewer  than  310  calved  after  the 
285th  day;  and  of  these,  3  went  on  to  the  306th  day,  and  1  to  the  313th. 
It  is  curious  that,  among  the  calves  born  between  the  290th  and  300th 
days,  there  was  a  decided  preponderance  of  males, — these  being  74,  to  32 
females;  whilst  all  of  those  born  after  the  300th  day  were  females.  These 
variations  are  probably  to  be  regarded  as  due,  not  so  much  to  a  prolongation 
of  the  period  of  t^^ero-gestation,  as  to  various  circumstances  which  may  have 
a  retarding  influence  on  the  process  of  fecundation,  and  on  the  transmission 
of  the  ovum  through  the  Fallopian  tube.  These  have  been  well  pointed  out 
by  Dr.  Montgomery.!  It  may  be  added  that  in  Dr.  Barry's  observations  on 
the  early  changes  that  take  place  in  the  ovum  of  Rabbits,  he  has  noticed 
several  irregularities  of  this  description.  On  the  whole,  it  may  be  con- 
sidered that,  in  regard  to  the  Human  female,  the  French  law  is  a  very 
reasonable  one.  It  is  probable,  from  the  circumstances  alluded  to  in  the 
preceding  paragraph,  that  gestation  is  protracted  to  the  extent  of  a  week, 
ten  days,  or  a  fortnight,  much  more  frequently  than  is  commonly  supposed. 
In  several  of  the  cases  in  which  the  protraction  appeared  indubitable,  the 
infant  was  unusually  large  and  vigorous. 

756.  In  regard  to  the  shortest  period  at  which  gestation  may  terminate 
consistently  with  the  viability  of  the  child,  there  is  a  still  greater  degree  of 
uncertainty.  Most  practitioners  are  of  opinion  that  it  is  next  to  impossible 
for  a  child  to  live  and  grow  to  maturity,  which  has  not  almost  completed  its 
seventh  month;  but  it  is  almost  unquestionable  that  infants  which  have  been 
bom  at  a  much  earlier  period,  have  lived  for  some  months.  It  is  rare  in 
such  cases,  however,  that  the  date  of  conception  can  be  fixed  with  sufficient 
precision,  to  enable  a  definite  statement  to  be  given.  Of  the  importance  of 
the  question,  a  case  which  recently  occurred  in  Scotland  affords  sufficient 
proof.  A  vast  amount  of  contradictory  evidence  was  adduced  on  this  trial; 
but,  on  the  general  rule  of  accepting  positive  in  preference  to  negative  testi- 
mony, it  seems  that  we  ought  to  consider  it  possible  that  a  child  may  live 
for  some  months,  which  has  been  bom  at  the  conclusion  of  24  weeks  of 
gestation.  In  the  case  in  question,  the  Presbytery  decided  in  favour  of  the 
legitimacy  of  an  infant  born  alive  within  25  weeks  after  marriage.  A  very 
interesting  case  is  on  record,}  in  which  the  mother  (who  had  borne  five 
children)  was  confident  that  her  period  of  gestation  was  less  than  19  weeks; 
the  facts  stated  respecting  the  development  of  the  child  are  necessarily  very 
imperfect,  as  it  was  important  to  avoid  exposing  his  body,  in  order  that  his 
temperature  might  be  kept  up;  but  at  the  age  of  three  weeks,  he  was  only 
13  inches  in  length,  and  his  weight  was  no  more  than  29  oz.  At  that  time, 
he  might  be  regarded,  according  to  the  calculation  of  the  mother,  as  corre- 
sponding with  an  infant  of  22  weeks  or  5i  months;  but  the  length  and 
weight  were  greater  than  is  usual  at  that  period,  and  he  must  have  been 
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probably  born  at  about  the  25th  week.  It  is  an  interesting  featare  in  this 
case,  that  the  calorific  power  of  the  infant  was  so  low,  that  artificial  heat 
was  constantly  needed  to  sustain  it;  but  that,  under  the  influence  of  the 
heat  of  the  fire,  he  evidently  became  weaker,  whilst  the  warmth  of  a  person 
in  bed  rendered  him  lively  and  comparatively  strong.  During  the  first 
week,  it  was  extremely  difficult  to  get  him  to  swallow;  and  it  was  nearly  a 
month  before  he  could  suck.  At  the  time  of  the  report,  he  was  four  months 
old,  and  his  health  appeared  very  good.  Another  case  of  very  early  viability 
has  been  more  recently  put  on  record  by  Mr.  Dodd:*  in  this,  as  in  the  former 
instance,  the  determination  of  the  child's  age  rests  chiefly  on  the  opinion  of 
the  mother;  but  there  appears  no  reason  for  suspecting  any  fallacy.  The 
child  seems  to  have  been  born  at  Uie  26th  or  27th  week  of  gestation;  and 
having  been  placed  under  judicious  management,  it  has  thriven  well.  One 
of  the  most  satisfactory  cases  on  record  is  that  recorded  by  Dr.  Ontrepont 
(Professor  of  Obstetrics  at  Wurtzburgh),  and  stated  by  Dr.  Christison  in 
his  evidence  on  the  case  just  alluded  to.t  The  evidence  is  as  complete  as 
it  is  possible  to  be  in  any  case  of  the  kind;  being  derived  not  only  from  the 
date  assigned  by  the  mother  to  her  conception,  but  also  from  the  structure 
and  history  of  die  child.  The  gestation  could  have  only  lasted  27  weeks, 
and  was  very  probably  less.  The  length  of  the  child  was  13^  inches,  and 
its  weight  was  24  oz.  Its  development  was  altogether  slow;  and  at  the  age 
of  1 1  years,  the  child  seemed  no  more  advanced  in  body  or  mind,  than 
most  other  lads  of  seven  years  old.  In  this  last  point,  there  is  a  very  strik- 
ing correspondence  with  the  results  of  other  observations  upon  very  prema- 
ture children,  made  at  an  earlier  age;  and  these  all  harmonize  with  the 
general  principle  already  more  than  once  alluded  to, — that,  the  shorter  the 
period  during  which  the  early  development  of  the  embryo  takes  place  at  the 
expense  of  nourishment  supplied  by  the  parent,  the  lower  is  the  degree  of 
development  it  will  ultimately  attain  ($  54). 

756.  There  is  anotlier  question  regarding  the  function  of  the  Female  in 
tlie  reproductive  act,  which  is  of  great  interest  in  a  scientific  point  of  view, 
and  which  may  become  of  importance  in  juridical  inquirie8,-~namely,  the 
possibility  of  sttperfoetation,  that  is,  of  two  distinct  conceptions  at  an  inter 
val  of  considerable  length,  so  that  two  fcetuses  of  diflerent  ages,  the  ofispring 
perhaps  of  difl!erent  parents,  may  exist  in  the  uterus  at  the  same  time. 
The  simplest  case  of  superfoetation,  the  frequent  occurrence  of  which  places 
it  beyond  reasonable  doubt,  is  that  in  which  a  female  has  intercourse  on  the 
same  day  with  two  males  of  different  complexions,  and  bears  twins  at  the 
full  time,  the  two  infants  resembling  the  two  parents  respectively.  Thus, 
in  the  slave-states  of  America,  it  is  not  uncommon  for  a  black  woman  to 
bear  at  the  same  time  a  black  and  a  mulatto  child;  the  former  being  the 
oflspring  of  her  black  husband,  and  the  latter  of  her  white  paramour.  The 
converse  has  occasionally,  though  less  frequendy,  occurred;  a  white  woman 
bearing  at  the  same  time  a  white  and  a  mulatto  child.  There  is  no  diffi- 
culty in  accounting  for  such  facts,  when  it  is  remembered  that  nothing  has 
occurred  to  prevent  the  uterus  and  ovaria  from  being  as  ready  for  the  second 
conception  as  for  the  first;  since  the  orifice  of  the  former  is  not  yet  closed 
up;  and,  at  the  time  when  one  ovum  is  matured  for  fecundation,  there  are 
usually  more  in  the  same  condition.  But  it  is  not  easy  thus  to  account  for 
the  birth  of  two  children,  each  apparenUy  mature,  at  an  interval  of  Hve  or 
six  months;  since  it  might  have  been  supposed  that  the  uterus  was  so  com- 
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pletely  occupied  with  the  first  ovum,  as  not  to  allow  of  the  transmission  of 
the  seminal  fluid  necessary  for  the  fecundation  of  the  second.  In  cases 
where  two  children  have  been  produced  at  the  same  time,  one  of  which 
was  fully-formed,  whilst  the  other  was  small  and  seemingly  premature, 
there  is  no  occasion  whatever  to  imagine  that  the  two  were  conceived  at 
different  periods,  since  the  smaller  foetus  may  have  been  **  blighted,"  and 
its  development  retarded,  as  not  unfrequently  happens  in  other  cases.  Nor 
is  it  necessary  to  infer  the  occurrence  of  superfoetation  in  every  case,  in 
which  a  living  child  has  been  produced  a  month  or  two  after  the  birth  of 
another;  since  the  latter  may  have  been  premature,  whilst  the  former  has 
been  carried  to  the  full  term.  But  such  a  difference  can  scarcely  be,  at  the 
most,  more  than  2i  or  three  months,  and  there  are  several  cases  now  on 
record,  in  which  the  interval  was  from  110  to  170  days,  whilst  neither  of 
the  children  were  premature  in  appearance;  so  that  the  possibility  of  a  second 
conception,  when  the  uterus  already  contains  an  ovum  of  several  months, 
can  scarcely  be  denied,  however  improbable  it  may  seem. 

Development  of  the  Embryo. 

757.  Under  this  head  it  is  intended  to  state,  not  so  much  the  details  of 
the  process  of  development,  as  those  leading  facts,  the  knowledge  of  which 
is  desirable  in  itself,  as  well  as  essential  to  the  due  comprehension  of  the 
former.  It  is  difficult  to  see  what  practical  benefit  can  result  from  a  minute 
acquaintance  with  all  the  steps  of  the  evolution  of  the  embryo,  however 
interesting  these  may  be  in  a  scientific  point  of  view;  and  the  time  of  the 
ordinary  student,  on  which  there  are  so  many  pressing  calls,  may  be  much 
better  occupied  than  in  committing  them  to  memory.  In  the  following 
sketch,  little  will  be  said  respecting  the  latter  stages  of  the  process,  or  on 
the  development  of  particular  organs,  since  these  have  been  already  noticed 
under  their  severally  distinct  heads.  Our  attention  will  first  be  given  to 
the  formation  of  the  embryonic  mass,  and  of  the  membranes  surrounding 
the  yelk-bag;  and  then  to  the  origin  of  the  vertebral  column,  digestive  organs, 
and  circulating  apparatus. 

758.  The  ovum,  when  it  quits  the  ovarium,  has  been  stated  to  contain 
within  the  germinal  vesicle,  two  cells  which  did  not  exist  there  previously 
to  fecundation;  and  from  each  of  these,  two  new  cells  are  subsequently  pro- 
duced, which  in  their  turn  give  birth  to  eight  others.  In  this  manner,  the 
number  of  vesicles  originating  in  the  twin-cells  of  the  germ  is  continually 
increased,  until  at  last  they  become  too  numerous  to  be  counted,  and  form  a 
cluster  resembling  a  mulberry  in  appearance;  this  mulberry-like  structure 
maybe  conveniently  termed  the  germinal  mass  (Front.  Fig.  15,  a).  In 
the  centre  of  this  mass  there  is  found  a  peculiar  cell,  differing  from  the  rest 
in  its  greater  size,  and  in  possessing  a  very  well-defined  annular  nucleus, 
with  a  pellucid  cavity  in  its  centre  (Fig.  16,  a,  b).  From  this  peculiar  ceU, 
all  the  parts  which  enter  permanently  into  the  composition  of  the  embryo 
are  developed;  the  vesicles  forming  the  exterior  of  the  germinal  mass  being 
subservient  to  a  merely  temporary  purpose.  This  central  or  embryonic 
cell  is  gradually  brought  to  the  surface  of  the  germinal  mass,  by  the  forma- 
tion of  a  cavity  (c)  in  the  interior  of  the  latter;  for  the  layer  of  cells  within 
which  this  cavity  is  formed,  progressively  extends  itself,  until  it  comes  into 
contact  with  the  inner  surface  of  the  yelk-bag,  having  absorbed  the  yelk 
into  the  hollow  thus  left.  Thus  out  of  the  periphery  of  the  mulberry-mass, 
is  formed  the  exterior  layer  of  what  is  termed  the  germinal  membrane:  this 
membrane  is  first  seen  as  an  epithelium-like  layer  of  cells,  covering  tlie  yelk; 
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but  beneath  this  layer,  which  is  afterwards  known  as  the  serous  lamina  of 
the  germinal  membrane,  two  others  are  subsequently  produced  from  the 
central  portion  of  the  germinal  mass.  Now  it  is  highly  interesting  to  ob- 
serve, that  this  germinal  membrane,  which  in  the  higher  animals  is  a  mere 
temporary  structure,  subservient  only  to  a  temporary  function,  forms,  in  the 
lower  tribes,  the  greater  part  of  the  permanent  fabric  of  the  body.  Thus, 
in  the  Polypes,  the  cavity  in  which  the  yelk  is  enclosed  becomes  a  stomach; 
the  external  layer  of  the  germinal  membrane  becomes  the  integument;  whilst 
the  internal  forms  the  lining  of  the  digestive  cavity,  of  which  the  mouth  is 
formed  by  absorption  of  its  wall  at  one  point.  Here  the  yelk  is  directly 
absorbed  and  assimilated  by  the  surrounding  membrane.  In  the  higher 
Oviparous  animals,  the  germinal  membrane  serves  to  absorb  nutritious  mat- 
ter from  the  yelk,  and  to  prepare  it  for  the  use  of  the  embryo  itself  by  con- 
verting it  into  blood  ($  577);  but,  after  the  yelk  has  been  exhausted,  the 
yelk-bag  is  taken  into  the  body,  and  is  gradually  removed  by  absorption. 
In  IMammalia,  these  structures  are  of  less  importance.  The  store  of  yelk 
laid  up  for  the  nutrition  of  the  embryo  is  comparatively  inconsiderable, 
being  only  destined  to  serve  for  the  short  time  that  elapses,  before  the  ovum 
forms  its  new  connection  with  the  parent,  through  the  medium  of  the  chorioD; 
and  the  yclk-bag  is  ultimately  separated  from  the  embryo,  and  thrown  off 
as  useless.  Still  the  early  processes  are  the  same  in  Mammiferous,  as  they 
are  in  Oviparous  animals;  and  the  development  of  Man,  of  a  Bird,  of  a  Rep- 
tile, or  of  a  Fish,  takes  place,  up  to  a  certain  point,  upon  the  same  general 
plan. 

759.  The  embryonic  cell,  and  the  cluster  of  cells  that  surrounds  it,  having 
arrived  on  the  surface  of  the  yelk  by  the  movement  just  described,  constitate 
what  is  known  in  the  Bird's  egg  under  the  name  of  the  cicatricula.  This 
is  a  semi-opaque  disc,  composed  of  numerous  flattened  cells;  and  in  the 
midst  of  it  is  seen  a  round  transparent  space,  termed  the  area  pellucida, 
which  is  nothing  else  than  the  place  occupied  by  the  large  embryonic  cell, 
now  become  flattened,  and  still  retaining  its  clearness.  In  the  centre  of  this 
is  seen  a  very  faint  line,  which  is  termed  the  primitive  trace;  and  this  is  the 
large  annular  nucleus  (Fig.  16,  b)  of  the  embryonic  cell,  now  become  elonga- 
ted, and  beginning  to  be  developed  into  cells.  The  same  process  then  takes 
place  within  the  embryonic  cell,  which  has  been  described  as  occurring  within 
the  germinal  vesicle  (§745);  the  granules  forming  the  periphery  of  the  nucleus 
are  first  developed  into  cells,  and  these  are  pushed  outwards  by  a  new  series 
subsequently  generated  nearer  the  centre.  From  the  mass  of  cells  thus 
formed,  a  hollow  process  passes  down  into  the  yelk;  and  this  gradually  ex- 
tends itself,  in  the  same  manner  as  did  that  formed  from  the  mulberry-mass, 
until  it  includes  the  whole  yelk,  and  comes  into  contact  with  the  inner  su^ 
face  of  the  layer  of  cells  already  mentioned  as  forming  the  serous  or  external 
lamina  of  the  germinal  membrane.  This  second  layer  of  cells  is  probably 
that  which  forms  the  vascular  lamina  of  the  germinal  membrane.  A  third 
process  seems  to  be  afterwards  sent  down  from  a  part  of  the  nucleus  some- 
what interior  to  that  from  which  the  last  proceeded;  and  this  becomes  the 
mucous  or  internal  lamina  of  the  germinal  membrane.* 

♦  This  account  of  the  formation  of  the  germinal  membrane,  which  is  derived  from 
Dr.  Barry's  Embryological  Researches  on  the  Rabbit,  differs  considerably  from  ihai 
which  has  been  given  by  previous  authors  as  to  the  result  of  their  observations  on  the 
ovum  of  the  Bird.  But  there  are  many  reasons  which  induce  the  Author  to  feel  satis- 
fied that  Dr.  B.'s  history  is  in  the  main  correct;  and  he  has  recently  learned  from  that 
gentleman,  that  he  has  received  from  Prof.  Wagner,  one  of  the  highest  auihoritiesoo 
the  subject,  an  expression  of  his  general  accordance  with  it. 
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760.  The  cell-germs  forming  the  periphery  of  the  nucleus  having  been 
thus  developed,  those  nearer  the  centre  then  begin  to  exhibit  a  correspond- 
ing activity.     Their  evolution  follows  exactly  the  same  plan  as  that  which 
has  been  described  in  regard  to  the  contents  of  the  germinal  vesicle  (§  745); 
with  the  exception  that  these  are  arranged  in  an  elongated  and  not  in  a  cir- 
cular form.     The  shape  of  the  nucleus  at  this  time  may  be  compared  to  that 
of  a  pear  of  which  the  lower  part  is  very  narrow;  the  large  end  marks  the 
situation  of  the  head;  whilst  the  prolonged  portion  is  the  rudiment  of  the 
spinal  column.     From  the  portion  of  it  nearest  to  the  median  line,  and  there- 
fore developed  into  cells  later  than  the  rest,  the  nervous  centres  are  evolved; 
these  are  surrounded  by  a  tubular  structure,  which  has  but  a  temporary  exist- 
ence in  the  higher  Vertebrata,  but  which  is  permanent  in  the  lower  Fishes. 
This  structure,  termed  the  chorda  doraalis^  is  found,  wherever  it  exists,  to  be 
entirely  composed  of  nucleated  cells.     From  the  cells  which  are  exterior  to 
these,  is  produced  the  vertebral  column;  and  the  mode  in  which  this  origi- 
nates is  somewhat  as  follows.     The  cells  on  either  side  of  the  central  space 
(in  which  the  elements  of  the  nervous  system  are  not  yet  developed)  rise  up 
in  a  ridge,  so  that  the  central  space  becomes  a  groove;  these  two  ridges  gra- 
dually rise  up  and  approach  one  another,  and  they  are  then  observed  to  con- 
tain, in  what  subsequently  becomes  the  thoracic  region,  a  few  pairs  of  small 
opaque  plates.     The  ridges  (termed  plicss  dorsales,  or  dorsal  lamina;)  con- 
tinue inclining  towards  each  other,  until  they  coalesce,  so  that  a  complete 
tube  is  formed;  and  in  this  tube  an  indication  is  soon  perceived  of  a  division 
into  vertebrae,  of  which  the  plates  just  mentioned  are  the  incipient  arches. 
Towards  the  anterior  extremity,  however,  the  dorsal  laminae  do  not  at  once 
close  in;  and  the  large  cells  in  which  the  great  divisions  of  the  encephalon 
originate  (§  214)  may  be  seen  between  them.     From  the  dorsal  laminae  on 
either  side,  a  prolongation  passes  outwards  and  then  downwards,  forming 
what  is  known  as  the  ventral  lamina;  in  this  are  developed  the  ribs  and  the 
transverse  processes  of  the  vertebrae;  and  the  two  have  the  same  tendency 
to  meet  on  the  median  line,  and  thus  to  close  in  the  abdominal  cavity,  which 
the  dorsal  laminae  have  to  enclose  the  spinal  cord.     At  the  same  time  the 
layers  of  the  germinal  membrane  which  lie  beyond  the  extremities  of  the 
embryo  are  folded  in,  so  as  to  make  a  depression  on  the  yelk;  and  their  folded 
margins  gradually  approach  one  another  under  the  abdomen.     In  these  two 
modes,  a  cavity  is  formed  beneath  the  embryonic  mass,  which  is  separated 
from  the  general  cavity  of  the  yelk  by  the  folds  just  described;  but  these  still 
leave  a  passage  which,  in  the  Bird,  remains  of  considerable  size  until  a  much 
later  period,  but  which,  in  the  Mammiferous  ovum,  is  soon  obliterated.  For 
the  sac  which  contains  the  yelk,  and  from  which  the  abdominal  cavity  is 
pinched  off,  as  it  were,  at  a  very  early  period,  is  destined,  in  the  Mammife- 
rous animal,  to  be  entirely  cast  away;  the  purpose  which  it  has  to  serve  being 
one  of  a  very  temporary  character. 

761.  Whilst  these  new  structures  are  being  produced,  a  very  remarkable 
change  is  taking  place  in  that  part  of  the  serous  lamina  which  surrounds  the 
area  pellucida.  This  rises  up  on  either  side  in  two  folds;  and  these  gradu- 
ally approach  one  another,  at  last  meeting  in  the  space  between  the  general 
envelope  and  the  embryo,  and  thus  forming  an  additional  investment  to  the 
latter.  As  each  fold  contains  two  layers  of  membrane,  a  double  envelope 
is  thus  formed;  of  this,  the  outer  lamina  adheres  to  the  general  envelope; 
whilst  the  inner  remains  as  a  distinct  sac,  to  which  the  name  of  amnion  is 
given.  (See  Figs.  91, 92  and  93.)  This  takes  place  during  the  third  day  in 
the  Chick;  the  period  at  which  it  occurs  in  the  Human  ovum  is  difficult  to 
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be  ascertained,  owing  to  the  small  namber  of  noroMl  specimeof  vk: 
come  under  observation  at  a  sufficiendy  early  period. 

762.  During  the  same  period,  a  very  important  proroion  Mr  as 
support  of  the  embryo  begins  to  be  made,  by  the  developnieH:  oc 
vessels,  and  the  formation  of  blood.     Hitherto,  the  embryonic  rtke. 
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vert  it  into  matter  fit  for  the  nutrition  of  the  young  plant,  of  which  they  form 
a  temporary  part. 

763.  The  formation  of  the  heart  takes  place  in  the  vascular  layer, 
beneath  the  upper  part  of  the  spinal  column;  it  at  first  appears  as  a  mere 
cavity  in  its  substance,  surrounded  only  by  cells;  but  its  walls  gradually 
acquire  firmness  and  distinctness,  and  become  su^ciently  powerful  to  pro- 
pel the  blood  through  the  vessels  of  the  embryo  and  those  of  the  vascular 
area.  The  first  appearance  of  the  heart  in  the  Chick  is  at  about  the  27th 
hour;  the  time  of  its  formation  in  Mammalia  has  not  been  distinctly 
ascertained.  In  its  earliest  form  it  has  the  same  simple  character  which 
is  presented  by  the  central  impelling  cavity  of  the  lower  Invertebrata; 
being  a  mere  prolonged  canal,  which  at  its  posterior  extremity  receives  the 
veins,  and  its  anterior  sends  forth  the  arteries.  After  a  short  time,  however, 
it  becomes  bent  upon  itself;  and  it  is  then  subdivided  into  three  cavities, 
which  exist  in  all  Vertebrata, — ^a  simple  auricle  or  receiving  cavity,  a 
simple  ventricle  or  propelling  cavity,  and  a  bulbus  arteriosus  at  the  origin 
of  the  aorta.  The  circulation  is  at  first  carried  on  exactly  upon  the  plan, 
which  is  permanently  exhibited  by  Fishes.  The  aorta  subdivides  into  four 
or  five  arches  on  either  side  of  the  neck;  and  these  are  separated  by  slits 
or  fissures,  much  resembling  those  which  form  the  entrance  to  the  gill-cavities 
of  Cartilaginous  Fishes.  These  arches  reunite  to  form  the  descending  aorta, 
which  transmits  branches  to  all  parts  of  the  body.  Sach  is  the  first  phase  or 
aspect  of  the  circulating  apparatus,  which  is  common  to  all  Vertebrata  during 
the  earliest  period  of  their  development,  and  which  may  therefore  be  considered 
as  its  most  general  form.  It  remains  permanent  in  the  class  of  Fishes;  and  in 
them  the  vascular  system  undergoes  further  development  on  the  same  type, 
a  number  of  minute  tufts  being  sent  forth  from  each  of  the  arches,  which 
enter  the  filaments  of  the  gills,  and  serve  for  the  aeration  of  the  blood.  In 
higher  Vertebrata,  however,  the  plan  of  the  circulation  is  aflerwards  entirely 
changed,  by  the  formation  of  new  cavities  in  the  heart,  and  by  the  produc- 
tion of  new  vessels;  these  changes  will  be  presently  described.  It  is  in- 
correct, therefore,  to  speak  of  the  vascular  arches  in  their  necks  as  branchial 
arches,  since  no  branchiae  or  gills  are  ever  developed  from  them.  The  clefts  be- 
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The  amnion  in  process  of  formation,  by 
the  arching  over  of  the  serous  lamina:  a, 
the  chorion ;  6,  the  yelk-bag,  surrounded 
by  serous  and  vascular  larolnfle;  e,  the 
embryo;  d,  e,  and/,  external  and  internal 
folds  of  the  serous  layer,  forming  the  am- 
nion ;  gj  incipient  allanlois. 


Diagram  representing  a  human  ovum  in  second 
month :  a,  1,  smooth  portion  of  chorion ;  a,  2,  vil- 
lous portion  of  chorion;  A,  A,  elongated  villi,  be- 
ginning to  collect  into  placenta;  6,  yelk-sac  or 
umbilical  vesicle;  e,  embryo;/,  amnion  (inner 
layer);  gt  allantois;  A,  outer  layer  of  amnion, 
coalescing  with  chorion. 


now  111  be  dcscri1>ed,  bears  a  strong  resemblaiM-e  in  Its 
especially  In  its  vasnilar  coiincclioiiB,  with  tlir  ijills  of  t! 
are  prolongations  ol'  ihe  external  surface  (usually  near  tli 
intestinal  canal),  and  which  almost  invariably  receive  tin 
part  of  the  system.  This  apparatus  is  termed  the  a/lantoi 
of  a  kind  of  diverticulum  or  prolongation  of  tlie  lower  j 
cavity,  the  fonnalion  of  which  lias  been  already  dcscribcrd. 
as  a  simple  vesicle,  of  no  great  size  (Fig.  91,^);  and  inihi 
which  is  soon  provided  with  other  means  of  aeraliii|r  its  hi 
any  considerable  dimensions.  In  Birds,  however,  it  I>c( 
extend  ilsolf  around  ihc  whole  yelk-sac,  intervening  l>etw 
branc  of  tlie  shell;  and  through  the  latter  it  C(>mes  in 
external  air.  The  accompanying  diagram  will  serve  loc 
position  in  the  Human  ovum.  Thechief  ofliccof  the  al 
is  to  convey  the  vessels  of  the  embrj'o  to  the  chorinn;  a 
pretty  close  correspondence  with  the  extent  of  siiiTace 
chorion  comes  into  vascular  connection  with  the  deci 
Carnivora,  whose  placenta  extends  like  a  band  around  t 
allanloLs  also  lines  the  whole  inner  surface  of  the  chorio 
umbilical  vesicle  comes  in  contact  with  il.  On  the  other  1 
CJuadrumana,  whose  placenta  is  restricted  to  one  spot,  ll 
snd  conveys  the  fcetal  vessels  to  one  portion  only  of  tl 
these  vessels  have  reached  the  chorion,  they  ramify  ir 
send  filaments  into  its  villi;  and  in  proportion  as  these 
nection  with  the  uterine  structures  which  has  been  alreai 
vessels  increase  in  size.  They  then  pass  directly  fro 
chorion;  and  the  allanlois,  being  no  longer  of  any  use, 
mains  as  a  minute  vesicle,  only  to  be  delected  by  careful 
same  thing  happens  in  regard  to  the  umbilical  vesicle,  frc 
contents  have  been  by  this  time  cxhausledi  and  from  hen 
entirely  dependent  for  ihc  materials  of  its  growth,  upon  0 
through  the  placenta,  which  is  conducted  io  it  by  the  tpw 
cord.     This  stale  of  things  is  renresented  in  ihe  acco 
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receives  aa  investment  from  the  amnion,  which  forms  a  kind  of  lubnlar 
■heath  around  it;  it  is  continuous  at  the  umbilicus  with  the  integument  of 
the  fmtus;  and  at  the  point  where  the  cord  enters  the  placenta,  it  is  reflected 


niipwn  of  Hamui  Onun, 
blocklBf  up  oa  uurt ;  ft,  ft,  Fsiiopiui  i 
d,  cavIlT  of  uunu,  alman  csmpleuly 


ibB  time  of  ronnitlon  or  plicanui  o,  mnca-nlulmii 

ilu  uibei:  c.  cdecldna  ««n,  prolnngt^ ales, into  Puiopwa  iDDoj 

f  ovum  (compuB  with  Fig,  68) ;  (,  e,  aoelft  u  which 

,  ■llBntoli ;  h,  umbillul  thIcIv  ;  1,  UDOlan )  k,  ehik 


over  its  internal  or  fcelal  surface.  The  amnion  contains  a  flaid  known  as 
Ihe  liquor  amnii,  which  consists  of  water  holding  in  solution  a  small 
qoantity  of  albumen  and  saline  matter,  and  resembling,  therefore,  very  dilute 
serum.  During  the  first  two  months  of  gestation,  the  amnion  and  the  inner 
surface  of  the  chorion  (which  is  really  Qie  reflected  layer  of  the  amnion, 
just  aa  the  lining  of  the  abdominal  cavity  is  formed  by  the  peritoneum,)  are 
separated  by  a  gelatinous  substance,  which  may  perhaps  be  considered  as 
representing  the  white  of  the  egg  in  Birds,  and  which  probably  aids  in  the 
nutrition  of  the  embryo  previously  to  the  formation  of  the  placenta.  This 
is  absorbed  during  the  second  month;  and  the  amnion  is  then  found  imme- 
diately beneath  the  chorion.  In  the  umbilical  cord,  when  it  is  completely 
formed,  the  following  parts  may  be  traced.  1 .  The  tubular  sheath  afforded 
75 
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by  the  Amnion.  2.  The  umbilical  vesicle,  with  its  pedicle,  or  ompbalo* 
enteric  duct.  3.  The  vasa  omphalo-meseraica,  or  mesenteric  vessels  of  the 
embryo,  by  which  the  yelk  was  absorbed  into  the  body  of  the  fcetns;  these 
accompany  the  pedicle.  4.  The  urachus,  and  remains  of  the  allantois. 
5.  The  vasa  umbiiicalia,  which,  in  the  later  period  of  gestation,  constitute 
the  chief  part  of  the  cord.  These  last  vessels  consist  in  Man  of  two  arteries 
and  one  vein.  The  arteries  are  the  main  branches  of  the  hypogastric;  and 
they  convey  to  the  placenta  the  blood  which  has  to  be  aerated  and  otherwise 
revivified  by  being  brought  into  relation  with  that  of  the  mother.  The  vein 
returns  this  to  the  foetus,  and  discharges  a  part  of  it  into  the  vena  porta,  and 
a  part  directly  through  the  ductus  venosus  into  the  aorta. 

766.  A  change  in  the  type  of  the  circulating  system  of  the  foetus,  from 
that  at  first  presented  by  it  (§  763),  takes  place  at  a  very  early  period. 
At  about  the  4th  week,  in  the  Human  embryo,  a  septum  begins  to  be 
formed  in  the  ventricle;  and  by  the  end  of  the  8th  week  it  is  complete. 
The  septum  auriculorum  is  formed  at  a  somewhat  later  period,  and  it 
remains  incomplete  during  the  whole  of  foetal  life;  it  is  partly  closed  by 
the  valvular  fold  covering  the  foramen  ovale,  which  fold  is  develop^ 
during  the  third  month.  During  the  same  period,  a  transformation  takes 
place  in  the  arrangement  of  the  large  vessels  proceeding  from  the  heart; 
which  ends  in  their  assumption  of  the  form  they  present  until  the  eDd  of 
foetal  life;  and  this  undergoes  but  a  slight  alteration  when  the  plan  of  the 
circulation  is  changed  at  the  moment  of  the  first  inspiration.  The  namber 
of  aortic  arches  on  each  side,  which  was  five  at  first,  soon  becomes  reduced 
in  the  Mammalia  to  three,  by  the  obliteration  of  the  two  highest  pairs. 
The  bulbus  arteriosus  is  subdivided,  by  the  adhesion  of  its  walls  at  oppo- 
site points,  into  two  tubes,  of  which  one  becomes  the  aorta  and  the  other 
the  pulmonary  artery;  and  of  the  three  pairs  of  (branchial)  arches,  the 
highest  being  connected  with  the  aortic  trunk,  contributes  to  the  formation 
of  the  subclavian  and  carotid  arteries;  whilst  of  the  middle  pair,  the  arch 
on  the  right  side  is  obliterated,  the  other  becoming  the  arch  of  the  aorta. 
The  lowest  pair  arises  from  the  pulmonary  trunk,  and  forms  the  pulmonary 
artery  on  each  side;  that  on  the  left  side,  however,  goes  on  to  join  the 
descending  aorta  as  before,  and  thus  constitutes  the  ductus  arteriosos. 
The  following  is  the  course  of  the  circulation  of  the  blood  in  the  fcetas. 
The  fluid  brought  from  the  placenta  by  the  umbilical  vein  is  pardy  con- 
veyed at  once  to  the  vena  cava  ascendens,  by  means  of  the  ductus  venosus, 
and  partly  flows  tlirough  the  vena  porta  into  the  liver,  whence  it  reaches 
the  ascending  cava  by  the  hepatic  vein.  Having  thus  been  transmitted 
through  the  two  great  depurating  organs,  the  placenta  and  the  foetal  liver, 
it  is  in  the  condition  of  arterial  blood;  but,  being  mixed  in  the  vessels  with 
that  which  has  been  returned  from  the  trunk  and  lower  extremities,  it  loses 
this  character  in  some  degree  by  the  time  that  it  arrives  in  the  heart.  In 
the  right  auricle,  which  it  then  enters,  it  would  be  also  mixed  with  the 
venous  blood  conveyed  by  the  descending  cava;  were  it  not  that  a  very 
curious  provision  exists  to  prevent  (in  great  degree  if  not  entirely)  any 
such  further  dilution.  The  Eustachian  valve  has  been  found,  by  the 
experiments  of  Dr.  J.  Reid,*  to  serve  the  purpose  of  directing  the  arterial 
blood  which  flows  upwards  from  the  ascending  cava,  through  the  foramen 
ovale,  into  the  left  auricle,  whence  it  passes  into  the  ventricle;  whilst  it 
also  directs  the  venous  blood  that  has  been  returned  by  the  descending 
cava,  into  the  right  ventricle.     When  the  ventricles  contract,  the  arleriil 

*  Edinb.  Med.  and  Surg.  Journal,  Vol.  xuu. 
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blood  which  tlie  left  contains  is  propelled  into  the  aorta,  and  supplies  the 
branches  that  proceed  to  the  head  and  upper  extremities,  before  it  under- 
goes any  admixture;  whilst  the  venous  blood  contained  in  the  right  ventricle 
is  forced  through  the  pulmonary  artery  and  ductus  arteriosus,  into  the 
descending  aorta,  mingling  with  the  arterial  current  which  that  vessel  pre- 
viously conveyed,  and  passing  thus  to  the  trunk  and  lower  extremities. 
Hence  the  head  and  superior  extremities,  whose  development  is  required  to 
be  in  advance  of  that  of  the  lower,  are  supplied  with  blood  nearly  as  pure 
as  that  which  returns  from  the  placenta;  wliilst  the  rest  of  the  body  receives 
a  mixture  of  this  with  what  has  previously  circulated  through  the  system; 
and  of  this  mixture  a  portion  is  transmitted  to  the  placenta,  to  be  renovated 
by  coming  into  relation  with  the  maternal  fluid.  At  birth,  the  course  of 
the  current  is  entirely  changed  by  its  diversion  into  the  lungs,  which  takes 
place  immediately  on  the  first  inspiration.  The  ductus  venosus  and  ductus 
arteriosus  soon  shrivel  into  ligaments;  the  foramen  ovale  becomes  closed 
by  its  valve;  and  the  circulation,  which  was  before  carried  on  upon  the 
plan  of  that  of  the  higher  Reptiles,  now  becomes  that  of  the  complete  Bird 
or  Mammal.  It  is  by  no  means  unfrequent,  however,  for  some  arrest  of 
development  to  prevent  the  completion  of  these  changes;  and  various  mal- 
formations, involving  an  imperfect  discharge  of  the  function,  may  hence 
result.* 

767.  The  alimentary  c.anal  has  been  shown  to  have  its  origin  in  the 
yelk-sac  or  umbilical  vesicle,  being  a  portion  pinched  off  (as  it  were)  from 
that  part  of  it  which  is  just  beneath  the  spinal  column  of  the  embryo  (§  760). 
At  first  it  is  merely  a  long  narrow  tube,  nearly  straight,  and  communicating 
with  the  umbilical  vesicle  at  about  the  middle  of  its  length;  thus  it  may  be 
regarded  as  composed  of  the  union  of  two,  an  upper  and  a  lower  division. 
At  first,  neither  mouth  nor  anus  exists;  but  these  are  formed  early  in  the 
second  month,  if  not  before.  The  tube  gradually  manifests  a  distinction 
into  its  special  parts,  (esophagus,  stomach,  small  intestine,  and  large  intes- 
tine; and  the  first  change  in  its  position  occurs  in  the  stomach,  which, 
from  being  disposed  in  the  line  of  the  body,  takes  an  oblique  direction. 
The  curves  of  the  large  and  small  intestines  present  themselves  at  a  later 
period.  It  is  at  the  lower  part  of  the  small  intestine,  near  its  termination 
in  the  large,  that  the  entrance  of  the  omphalo-enteric  duct  exists;  and  a 
remnant  of  this  canal  is  not  unfrequently  preserved  throughout  life,  in  the 
form  of  a  small  pouch  or  diverticulum  from  that  part  of  the  intestine.  The 
various  glandular  structures  connected  with  the  alimentary  canal,  originate 
in  diverticula  from  its  walls,  in  the  manner  already  described  in  regard  to 
the  Liver  (§  660).  The  lungs  and  respiratory  apparatus  are  formed  in  like 
manner,  as  diverticula  from  the  cesophagus  (§  526). 

768.  The  mode  in  which  the  chief  organs  of  the  Human  embryo  originate 
having  been  thus  described,  and  the  sufficient  particulars  in  regard  to  their 
subsequent  development  having  been  already  given  under  distinct  heads, 
it  is  unnecessary  here  to  add  more  on  this  very  interesting  but  complex 
subject,  because  for  practical  purposes  there  is  litde  or  no  advantage  to  be 
gained  from  the  most  perfect  acquaintance  with  it.  The  most  important  of 
all  the  facts  that  have  come  under  our  view,  is  that  which  has  been  stated 
as  in  the  highest  degree  probable,  if  not  yet  absolutely  proved,  in  regard  to 
the  relative  offices  of  the  Male  and  Female  in  this  hitherto  mysterious 
process.  According  to  the  view  here  given,  the  male  furnishes  the  germ, 
and  the  female  supplies  it  with  nutriment,  during  the  whole  period  of  its 

*  See  Principles  of  Qeneral  and  Comparative  Physiology,  Chap.  vi. 
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speedily  forgotten,  can  exert  such  a  continued  influence  on  the  nutrition  of 
the  embryo,  as  to  occasion  any  personal  peculiarity.*  The  view  here  stated 
is  one  which  ought  to  have  great  weight,  in  making  manifest  the  importance 
of  careful  management  of  the  health  of  the  mother,  both  corporeal  and  men- 
tal, during  the  important  period  of  pregnancy;  since  the  constitution  of  the 
offspring  so  much  depends  upon  the  impressions  then  made  upon  its  most 
impressible  structure. 

769.  It  is  frequently  of  great  importance,  both  to  the  Practitioner  and  to 
the  Medical  Jurist,  to  be  able  to  determine  the  age  of  a  foetus,  from  the 
physical  characters  which  it  presents;  and  the  following  table  has  been 
framed  by  Devergiet  in  order  to  facilitate  such  determination.  It  is  to  be 
remarked,  however,  that  the  absolute  length  and  weight  of  the  embryo  are 
much  less  safe  criteria  than  its  degree  of  development,  as  indicated  by  the 
relative  evolution  of  the  several  parts  which  make  their  appearance  suc- 
cessively. Thus  it  is  very  possible  for  one  child  bom  at  the  full  time  to 
weigh  less  than  another  born  at  eight  or  even  at  seven  months;  its  length, 
too,  may  be  no  greater;  but  the  position  of  the  middle  point  of  the  body 
will  usually  afford  sufficient  ground  for  the  determination,  since,  during  the 
two  latter  months  of  pregnancy,  the  increasing  development  of  the  lower 
extremities  throws  it  lower  down. 

Embryo  3  to  4  weeks. — It  has  ihe  form  of  a  serpent;— its  length  from  three  to  five 
lines;  its  head  indicated  by  a  swelling; — its  caudal  extremity,  (in  which  is  seen  a  white 
line,  indicating  the  continuance  of  the  medulla  spinalis),  slender,  and  terminating  in 
the  umbilical  cord; — the  mouth  indicated  by  a  cleA;— the  eyes  by  two  black  points; 
the  members  begin  to  appear  as  nipple-liko  protuberances;— the  liver  occupies  the 
whole  abdomen; — the  bladder  is  very  large.  The  chorion  is  villous,  but  its  villosities 
are  still  diffused  over  the  whole  surface. 

Embryo  of  6  weeks. — Its  length  from  7  to  10  lines;  iis  weight  from  40  to  75  grains; 
^face  distinct  from  cranium; — aperture  of  nose,  mouth,  eyes,  and  ears  perceptible; — 
head  distinct  from  thorax; — hands  and  fore-arms  in  the  middleof  the  length,  fingers 
distinct; — ^legs  and  feet  situated  near  the  anus; — clavicle  and  maxillary  bone  present 
a  point  of  ossification; — distinct  umbilicus  for  attachment  of  cord,  which  at  that  time 
consists  of  the  omphalo-meseraic  vessels,  of  a  portion  of  the  urachus,  of  a  part  of  the 
intestinal  tube,  and  of  filaments  which  represent  the  umbilical  vessels.  The  placenta 
begins  to  be  formed; — the  chorion  still  separated  from  the  amnion; — the  umbilical 
Tesicle  very  large. 

Embryo  of  2  months, — Length  from  IG  to  10  lines;— weight  from  150  to  300  grains; 
the  elbows  and  arms  detached  from  the  trunk; — heels  and  knees  also  isolated j— rudi- 
ments of  the  nose  and  of  the  lips;  palpebral  circle  beginning  to  show  itself;— clitoris  or 
penis  apparent;  anus  marked  by  a  clark  spot;  rudiments  of  lungs,  spleen,  and  supra- 
renal capsules; — ccEcum  placed,  behind  the  umbilicus; — digestive  canal  withdrawn 
into  the  abdomen; — urachus  visible; — osseous  points  in  the  frontal  bone  and  in  the 
ribs. — Chorion  commencing  to  touch  the  amnion  at  the  point  oppasite  the  insertion 
of  thejplacenta;  placenta  begins  to  assume  iLs  regular  form; — umbilical  vessels  com- 
mence twisting. 

Embryo  of  3  months. — Length  from  a  to  2i  inches; — weight  from  I  oz.  to  IJoz. 
(Troy);— l\ead  voluminous;— eyelids  in  contact  by  iheir  free  margin;  membrana  pu- 
pillaris  visible; — mouth  closed; — fingers  completely  separated; — inferior  extremities 
of  greater  length  than  rudimentary  tail;  clitoris  or  penis  very  long; — thymus  as  well 
as  supra-renal  capsules  present; — ca'cum  placed  below  the  umbilicus;— cerebrum  5 
lines,  cerebellum  4  lines,  medulla  oblongata  1^  lino,  and  medulla  spinalis  j  of  a  line, 
in  diameter; — two  ventricles  of  heart  distinct.  The  decidua  reflexa  and  decidua 
nterina  in  contact; — funis  contains  umbilical  vessels  and  a  little  of  the  gelatine  of 
Warthon; — placenta  completely  isolated;  umbilical  vesicle,  allantois,  and  omphalo- 
mesenteric vessels  have  disappeared. 

PaUus  of  4  months. — Length  5  to  0  inches; — weight  2i  to  3  oz.;— skin  rosy,  tole- 
rably dense;— mouth  very  large  and  open; — membrana  pupillaris  very  evident; — 
nails  begin  to  appear; — genital  organs  and  sex  distinct;— cwcum  placed  near  the 

•  For  some  valuable  observations  on  this  subject,  sec  Montgomery  on  the  Signs  of 
Pregnancy, 
t  M^decine  Legale,  Vol.  i.  p.  495. 


Tight  kidney;— gtlWaddw  tpprwing   mwioiitafn  Sa 

bli;— umbiuciu  placed  near  pubisi--Mlevla.  anditoiia  oiilicid,"  poiiarf^ 

tion  in  superior  part  of  sacrum;— n&enbrane  tiamdng  «c  point  of  iDsenioa  tf  | 

on  nteras;-*complete  contact  of  chorion  with  nnmioo. 

-  FiBtMS  of  6  MMiUf.— Length  6  to  7  inehess— weight  5  to  7  oft;— votaH  tf  I 

itill  comparatively  great;— oailt  very  diiUncC;— liair  barianiaf  lo  a 

wiUioat  sebaceoos  covering; — white  rebetaneo  in  cerebeJiiUB;    nean 

▼ery  voluminous;— ccBcam  sitiuued  at  inftrior  part  of  right  kidney;- 

disUnct;— germs  of  permanent  teeth;— poiata  of  oatiflcaiion  in  pnhis  and' 

—meconium  has  a  yellowiah-gieen  tint|  and  oecoplco 

testine. 

Flaha  of  6  aMfitt<.r-Length  9  to  10  ineheii— weight  1  Ih^    r.^ 

appearance  of  fibroos  siructnre;— eyelids  stilt  ag^minated.  ana  nicmhfaaa| 
remain^— saccoli  begin  to  •PPetr  m  colon;— ftuus  inserted  n  little  above  pi 
of  a  purplish  red;— hair  white  or  aUveiyg  ■eebnceoon  coreriag  begins 
itself;— meconium  in  large  intestine;— liver  of  dark  red;--gnu-bladder 
serous  fluid  destitute  of  btttemeas;- testes  near  kidnejTK — pouitt  of  emiii 
four  divisions  of  sternum;— middle  point  at  lower  end  of  steroom. 

FaUtu  1^  7  MMOf.— Length  18  to  15  inchese— weight  3  to  4  lbs.,  skiicfw^l 
thick,  andf  fibrous;— sebaceous  covering  begins  to  appear;— nails  do  net  yai 
extremities  of  finger^— eyelids  no  longer  adherent;— membrana  pefiUuii 
pearing,— a  point  of  ossification  in  the  astragalaar— noeconiona  oc^ptcsaei. 
whole  of  large  intestine;— valvuls  conniventes  beginning  to  appear;— ^mbcm^ 
in  right  iliac  fossa;— left  lobe  of  liver  almost  as  iarm  aa  rigbfc— gall  tiaiiff i 
tains  bile;— brain  possesses  more  consistency;— (eaticlea  more  dfataatlromf '" 
— middle  point  at  a  little  below  end  of  sternum. 

JFVstej  of  8  siMtff.— Length  14  to  16  Inehe^— weight  4  or  ft 
with  well-marked  sebaceous  envelope:— oalla  reach  eatrenities  of 
brana  pupillaris  becomes  invisible  during  this  month;— a  point  of  ( 
vertebra  of  sacrum;— cartilage  of  inlMor  extremity  of  Ihmar  pre 
ossification;- brain  has  some  indications  of  cdbvolnticmsg^eBticIsi 
internal  ring;— middle  point  nearer  the  umbUicos  than  the 


especially  at  bends  of  joint<«;— membrana  pupillaris  no  longer  exists;— exicfiil  a 
tory  meatus  still  canilaginoas; — four  portions  of  occipital  bone  remain  dBtiBe-t| 
hyoides  not  yet  ossified;— point  of  ossification  in  the  centre  of  cartilage  a  jm\ 
extremity  of*  femur;— white  and  gray  substances  of  brain  become  disttacu-nff 
descends  to  umbilicus;— testes  have  passed  inguinal  ring,  and  are  freqoeaiK  isri 
in  scrotum;— meconium  at  termination  of  large  intestine; — middle  point  (tfb]sr< 
umbilicus,  or  a  little  below  it. 


770.  Even  at  birth,  there  is  a  manifest  dififerenee  in  the  phjsieal 
lions  of  infants  of  different  sexes;  for,  in  the  average  of  a  large 
there  is  a  decided  preponderance  on  the  side  of  the   Males*  boSi  am  * 
length  and  the  height  of  the  body.     The  length  of  the  bodj  in  fifty  av* 
bom  infants  of  each  sex,  as  ascertained  by  Quetelet,*  Mrttm  as  foOowc— 

Males.  Females.  ToaL 
From  16  to!  7  inchest  (French)              2                4  6 

••     17  to  18       "...       8  10  ft 

'*     18  to  19       •'         .  .     28  18  46 

"     19  to  20      "         .  .12  8  20 

"     20  to  21       "...       0  1  1 

From  these  observations,  the  mean  and  the  extremes  of  the  kngthi  of  At 
male  and  female  respectively,  were  calculated  to  be^— - 

Males.  Females. 

Minimum        .     16  inches,  2  lines  16  inchea,  2  lines 

Mean      .         .     18  6  18  l| 

Maximum        .19  8  20  6 

•  Sar  L'Homme,  Tom.  ii.  p.  8. 

t  The  French  inch  is  about  one-fifteenth  more  than  the 
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Notwithstanding  that  the  maximum  is  here  on  the  side  of  the  female  (this 
being  an  accidental  result,  which  would  probably  have  been  otherwise,  had 
a  larger  number  been  examined),  the  average  shows  a  difference  of  4d  lines 
in  favour  of  the  male. — The  inequality  in  the  weight  of  the  two  is  even 
more  remarkable;  the  observations  of  M.  Quetelet*  were  made  upon  63 
male  and  56  female  infants. 


fants  weighing  from 

Males. 

Females. 

Total 

1     to  IJ  kilog.t  . 

0 

1 

1 

lito2       . 

0 

1 

1 

2    to2i      . 

3 

7 

10 

2i  to  3 

13 

14 

27 

3    to  3i     . 

28 

23 

51 

3i  to  4      . 

14 

7 

21 

4    to4i      . 

5 

3 

8 

mes  and  means  were  as  follows: — 

Males.                  Females. 

Minimum 

2-34  kUog. 

112 

Mean 

3-20 

2-91 

Maximum 

4*50 

4-25 

The  average  weight  of  infants  of  both  sexes,  as  determined  by  these  in- 
quiries, is  3.05  kilog.  or  6.7  lbs.;  and  this  corresponds  almost  exactly  with 
the  statement  of  Chaussier,  whose  observations  were  made  upon  more  than 
20,000  infants.  The  mean  obtained  by  him,  without  reference  to  distinc- 
tion of  sex,  was  6.75  lbs.;  the  maximum  being  11*3  lbs.,  and  the  minimum 
3*2  Ibs.:^  The  average  in  this  country  is  probably  rather  higher;  according 
to  Dr.  Joseph  Glarke,§  whose  inquiries  were  made  on  60  males  and  60 
females,  the  average  of  male  children  is  7i  lbs.;  and  that  of  females  6f  lbs. 
He  adds  that  children  which  at  the  full  time  weigh  less  than  5  lbs.  rarely 
thrive;  being  generally  feeble  in  their  actions,  and  dying  within  a  short 
time.  Several  instances  are  on  record,  of  infants  whose  weight  at  birth 
exceeded  15  lbs.  It  appears  that  healthy  females,  living  in  the  country, 
and  engaged  in  active  but  not  over-fatiguing  occupations,  have  generally  the 
largest  children;  and  this  is  what  might  be  expected  a  priori,  from  the 
superior  activity  of  their  nutritive  functions. 

771.  Notwithstanding  that,  in  any  ordinary  population,  there  is  a  decided 
preponderance  in  the  number  of  the  females,  the  number  of  male  births  is 
considerably  greater  than  that  of  females.  Taking  the  average  of  the  whole 
of  Europe,  the  proportion  is  about  106  males  to  100  females.  It  is  curious, 
however,  that  this  proportion  is  considerably  different  for  legitimate  and  for 
illegitimate  births;  the  average  of  the  latter  being  only  102i  to  #00,  in  the 
places  where  that  of  the  former  was  105|  to  100.  This  is  probably  to  be 
accounted  for  by  the  fact,  which  is  one  of  the  most  remarkable  contributions 
that  have  yet  been  made  by  Statistics  in  Physiology,  that  the  sex  of  the 
offspring  is  influenced  by  the  relative  ages  of  the  parents.  The  following  table 
expresses  the  average  results  obtained  by  M.  HofackerD  in  Germany,  and  by 

♦  Op.  cit.  Tom.  n.  p.  35. 

t  The  kilogramme  Ls  equal  to  2|  lbs.  avoirdapois. 

t  These  numbers  have  been  erroneously  stated  in  many  physiological  works, 
owing  to  the  ditference  between  the  French  and  English  pound  not  having  been 
allowed  for. 

§  Philosophical  Transactions,  Vol.  lxxvi. 

II  Annates  d'Hygiene,  Oct.  1829. 


600  OF  REPRODUCTION. 

Mr.  Sadler*  in  Britain;  between  which  it  will  be  seen  that  there  is  a  manifest 
correspondence,  although  both  were  drawn  from  a  too  limited  series  of  ob- 
servations. The  numbers  indicate  the  proportion  of  male  births  to  100 
females,  under  the  several  conditions  mentioned  in  the  first  colunm. 

Hofacker.  Sadler. 

Father  younger  than  Mother    90*6  Father  younger  than  Mother    86*5 

Father  and  Mother  of  equal  age  90*0  Father  and  Mother  of  equal  age  94-8 

Father  older  by  1  to  6  years   103*4  Father  older  by  1  to  6  years     103-7 

6  to  9              124*7  .         .          6  to  11              126*7 

9  to  18            143*7  .         .        11  to  16              147*7 

18  and  more    200*0  .         .        16  and  more      163*2 

From  this  it  appears  that  the  more  advanced  age  of  the  male  parent  has  a 
very  decided  influence  in  occasioning  a  preponderance  in  the  number  of  male 
infants;  and,  as  the  state  of  society  generally  involves  a  condition  of  this  kind 
in  regard  to  marriages,  whilst  in  the  case  of  illegitimate  children  the  same 
does  not  hold  good,  the  difference  in  the  proportional  number  of  male  binhs 
is  accounted  for.  We  are  not  likely  to  obtain  data  equally  satisfactory  in 
regard  to  tlie  influence  of  more  advanced  age  on  the  part  of  the  female  parent; 
as  a  difference  of  10  or  15  years  on  that  side  is  not  so  common.  If  it  exist 
to  the  same  extent,  it  is  probable  that  the  same  law  would  be  found  to  prerail 
in  regard  to  female  children  born  under  such  circumstances,  as  has  been 
stated  with  respect  to  the  male; — namely,  that  the  mortality  is  greater  during 
embryonic  life  and  early  infancy,  so  that  the  preponderance  is  reduced. 

772.  There  appears  to  be,  from  the  first,  a  difference  in  the  viability  of 
male  and  female  children;  for,  out  of  the  total  number  bom  dead,  there  sgpe 
3  males  to  2  females;  this  proportion  gradually  lessens,  however,  during  earij 
infancy;  being  about  4  to  3  during  the  first  two  months,  and  about  4  to  5 
during  the  next  three  months,  after  which  time  the  deaths  are  nearly  in  pro- 
portion to  the  numbers  of  the  two  sexes  respectively,  until  the  age  of  pubert\'. 
The  viability  of  tlie  two  sexes  continues  to  increase  during  childhood;  and 
attains  its  maximum  between  the  13th  and  14th  years.  For  a  short  time 
afler  this  epoch  has  been  passed,  the  rate  of  mortality  is  higher  in  females 
than  in  males;  but  from  about  the  age  of  18  until  28,  the  mortality  is  mach 
greater  in  males;  being  at  its  maximum  at  25,  when  it  is  only  half  what  it  is 
at  puberty.  This  fact  is  a  very  striking  one;  and  shows  most  forcibly  thai 
the  indulgence  of  the  passions  not  only  weakens  the  health,  but  in  a  gi^t 
number  of  instances  is  the  cause  of  a  very  premature  death.  From  the  ajeof 
28  to  that  of  50,  the  mortality  is  greater,  and  the  viability  less,  on  the  side  of 
the  female;  this  is  what  would  be  anticipated  from  the  increased  risk  to  which 
she  is  liabli  during  the  parturient  period.  After  the  age  of  50,  the  mortality 
is  nearly  the  same  for  both.  These  facts  have  been  expressed  by  Quetelet 
in  a  form  which  brings  them  prominently  before  the  eye  (Fig.  94).  The 
relative  viability  at  different  ages  is  represented  by  a  curved  line,  the  elevation 
of  which  indicates  its  degree,  at  the  respective  periods  marked  along  the  base 
line.  The  dotted  line  which  follows  a  different  curve,  represents  the  viability 
of  the  female.  Startins:  from  a,  the  period  of  birth,  we  arrive  at  the  maxi- 
mum of  viability  for  both  at  6;  from  this  point,  the  female  curve  steadily 
descends  towanls  7i,  at  first  very  rapidly,  but  afterwards  more  gradually: 
whilst  the  male  curve  does  not  quite  descend  so  soon,  but  afte wards  falls 
much  lower,  its  minimum  being  c,  which  corresponds  with  the  age  of  ^ 

♦  Law  of  Population,  Vol.  u.  p.  343. 
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yean.     It  afterwards  ascends  to  d,  which  is  the  maximum  of  riability 
subsequently  to  the  age  of  puberty;  this  point  is  attained  at  the  age  of  30 
years,  from  whieh  period,  up  to  50,  the  probability  of  life  is  greater  in  the 
male  than  the  female.     In  the  decline  of  life  there  seems  litUe  difierence 
for  the  two  sexes. — Similar  diagrams  Iiave  been  constructed  by  Quetelet, 
to  indicate  the  relative  heights  and  weights  of  the  two  sexes.     In  regard 
to  height  it  may  be  observed,  that  the  increase  is  most  rapid  in  the  first 
year,  and  that  it  afterwards  diminishes  gradually;  between  the  ages  of  5 
and  16  years,  the  annual  increase  is  very  regular.     The  difference  between 
the  height  of  the  male  and  female,  which  has  been  already  stated  to  pre- 
sent itself  at  birth,  continues  to  increase  during  infancy  and  youth;  it  is 
not  very  decided,  however,  until  about  the  15th  year,  after  which  the  growth 
of  the  female  proceeds  at  a  much  diminished  rate,  whilst  that  of  the  male 
continues  in  nearly  the  same  degree,  until  about  the  age  of  19  years.    It 
appears,  then,  that  the  female  comes  to  her  full  development  in  regard  to 
height,  earlier  than  does  the  male.     It  appears  probable,  from  the  observa- 
tions of  Quetelet,  that  the  full  height  of  the  male  is  not  generally  attained 
until  the  age  of  25  years;  at  about  the  age  of  50,  both  male  and  female  un- 
dergo a  diminution  of  their  stature,  which  continues  during  the  latter  partof 
life.     The  proportional  weight  of  tlie  two  sexes  at  different  periods  corre- 
sponds pretty  closely  with  their  height     Starting  from  birth,  the  predomi- 
nance then  exhibited  by  the  male  gradually  increases  during  the  first  fev 
years;  but  towards  the  period  of  puberty,  the  proportional  weight  of  the 
female  increases;  and  at  the  age  of  12  years,  there  is  no  difference  between 
the  two  sexes  in  this  respect.     The  weight  of  the  male,  however,  then  in- 
creases much  more  rapidly  than  that  of  the  female,  especially  between  the 
ages  of  15  and  20  years;  after  the  latter  period,  there  is  no  considerable  in- 
crease on  the  side  of  the  male,  though  his  maximum  is  not  attained  until  the 
age  of  40;  and  there  is  an  absolute  diminution  on  the  part  of  the  female, 
whose  weight  remains  less  during  nearly  the  whole  period  of  child-bearing. 
After  the  termination  of  the  parturient  period,  the  weight  of  the  female  again 
undergoes  an  increase,  and  its  maximum  is  attained  about  50.     In  old  age, 
the  weight  of  both  sexes  undergoes  a  diminution  in  nearly  the  same  degree. 
The  average  weights  of  the  male  and  female  that  have  attained  their  full 
development  are  twenty  times  those  of  the  new-born  infant  of  the  two  sexes 
respectively.     The  height,  on  the  other  hand,  is  about  3|  times  as  much. 

773.  The  chief  differences  in  the  constitution  of  the  two  sexes  manifest 
themselves  during  the  period,  when  the  generative  function  of  each  is  in  the 
greatest  vigour.  Many  of  these  distinctions  have  been  already  alluded  to; 
but  there  are  others  of  too  great  importance  to  be  overlooked;  and  these 
chiefly  relate  to  the  Nervous  System  and  its  functions.  There  is  no  obvioos 
structural  difference  in  the  Nervous  System  of  the  two  sexes  (putting  aside 
the  local  peculiarities  of  its  distribution  to  the  organs  of  generation),  save  the 
inferior  size  of  the  cerebral  hemispheres  in  the  Female.  This  difierence« 
which  is  not  observed  in  other  parts  of  the  encephalon,  is  readily  accounted 
for  on  the  principles  formerly  stated,  when  we  compare  the  psychical  cha- 
racter of  Woman  with  that  of  Man.  For  there  can  be  no  doubt  that — putting 
aside  the  exceptional  cases  which  now  and  then  occur — the  intellectual  powers 
of  Woman  are  inferior  to  those  of  Man:  although  her  perceptive  faculties  are 
more  acute,  her  capability  of  sustained  mental  exertion  is  much  less,  and 
though  her  views  are  often  peculiarly  distinguished  by  clearness  and  decision, 
they  arc  generally  deficient  in  that  comprehensiveness  which  is  necessary  fur 
their  stability.  With  less  of  the  volitional  powers  than  Man  possesses,  she 
has  the  emotional  and  instinctive  in  a  much  stronger  degree.     The  emotion5 
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therefore  predominate;  and  more  frequently  become  the  leading  springs  of 
action,  than  they  are  in  Man.  By  their  direct  influence  upon  the  bodily 
frame,  they  produce  changes  in  the  organic  functions,  which  far  surpass  in 
degree  any  thing  of  the  same  kind  that  we  ordinarily  witness  in  Man;  and 
they  thus  not  unfrequently  occasion  symptoms  of  an  anomalous  kind,  which 
are  very  perplexing  to  the  practitioner,  but  very  interesting  to  the  Physiolo- 
gical observer.  But  they  also  act  as  powerful  motives  to  the  Will;  and, 
when  strongly  called  forth,  produce  a  degree  of  vigour  and  determination, 
which  is  very  surprising  to  those  who  have  usually  seen  the  individual  under 
a  different  aspect.  But  this  vigour,  being  due  to  the  strong  excitement  of 
the  feelings,  and  not  to  any  inherent  strength  of  intellect,  is  only  sustained 
during  the  persistence  of  the  motive,  and  fails  as  soon  as  it  subsides.  The 
feelings  of  Woman,  being  frequently  called  forth  by  the  occurrences  she 
witnesses  around  her,  are  naturally  more  disinterested  than  those  of  Man; 
his  energy  is  more  concentrated  upon  one  object;  and  to  this  his  intellect  is 
directed,  with  an  earnestness  that  too  frequently  either  blunts  his  feelings,  or 
carries  them  along  in  the  same  channel,  thus  rendering  them  selfish.  The 
intuitive  powers  of  Woman  are  certainly  greater  than  those  of  Man.  Her  per^ 
ceptions  are  more  acute,  her  apprehension  quicker;  and  she  has  a  remarkable 
power  of  interpreting  the  feelings  of  others,  which  gives  to  her,  not  only  a 
much  more  ready  sympathy,  but  that  power  of  guiding  her  actions  so  as  to  be 
in  accordance  with  them,  which  we  call  tact.  This  tact  bears  a  close  corre- 
spondence with  the  adaptiveness  to  particular  ends,  which  we  see  in  instinctive 
actions.  In  regard  to  the  inferior  development  of  her  intellectual  powers,  there- 
fore, and  in  the  predominance  of  the  instinctive,  Woman  must  be  considered 
as  ranking  below  Man;  but  in  the  superior  purity  and  elevation  of  her  feel- 
ings, she  is  as  higlily  raised  above  him.  Her  whole  character,  psychical  as 
well  as  corporeal,  is  beautifully  adapted  to  supply  what  is  deficient  in  Man; 
and  to  elevate  and  refine  those  powers  which  might  otherwise  be  directed  to 
low  and  selfish  objects. 


ADDENDA  AND  CORRIGENDA. 

%  487.  At  pa^e  356,  line  2,  for  mitral  read  tricuspid, 

S  588.  A I  page  431,  note,  line  4,  for  forms  read  form, 

§298.  So  completely  does  the  power  of  producing  convulsive  movements  appear 
limited  to  the  Spinal  system  of  nerves  (no  mechanical  irritation  of  the  cerebral  sub- 
stance being  efiectual  in  exciting  such  movemenLs,  §  286),  that,  where  convulsions 
present  themselves  during  Diseases  of  the  Nervous  System  which  appear  to  be  con- 
fined to  the  Brain,  we  may  infer  that  the  Spinal  system  is  in  some  (degree)  involved. 
Dr.  M.  Hall  has  recently  pointed  out  a  curious  source  of  convulsive  affections  which 
has  been  hitherto  unsuspected.  In  some  of  his  experiments  on  the  brain,  he  noticed 
that,  if  the  dura  mater  oe  pinched  or  lacerated,  peculiar  spasmodic  movements  are 
excited.  This  is  probably  due  to  the  branches  or  the  fiflh  pair  which  are  distributed 
through  it,  and  wnich  serve  as  exciters  in  producing  reflex  action.  (See  Medico- 
Chirnrgical  Transactions,  Vol.  xxiv.  p.  122.) 

{f  534.  Dr.  Andral  and  M.  Gavarret  nave  been  for  some  time  engaged  in  a  very 
extensive  series  of  researches  on  the  quantity  of  carbonic  acid  exhaled  from  the 
longs  of  the  human  species.  The  tendency  of  this  investigation  will  be  to  ad- 
vance considerably  our  knowledge  of  the  respiratory  function,  both  physiologically 
and  pathologically.  Their  first  object  has  been  to  ascertain  the  modifying  influ- 
ence oiage^  seXf  and  constitution.  To  determine  this,  their  observations  have  been 
made  under  circumstances  as  uniform  as  possible;  the  subjects  of  them  having  been 
in  good  health,  and  in  similar  condition  as  regards  food,  muscular  expenditure, 
moral  state,  interval  subsequently  to  the  last  meal,  and  hour  of  the  dav.  Each 
experiment  was  repeated  several  times  on  the  same  subjects,  and  the  accordance  be- 
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twpen  the  results  has  been  as  great  as  coald  be  desired  in  physiological  researches 
The  apparatus  employed  was  so  devised,  as  to  enable  the  respirations  to  be  freeljr 
perlbrmed;  no  portion  of  the  expired  air  was  again  inspired;  and  the  greatest 
care  was  taken  to  analyze  the  expired  air  with  accuracy.  The  observations  were 
continued,  in  each  case,  from  about  8  to  13  minutes,  until  about  ISO  Hires  of  g2^ 
were  collected;  and  from  these,  the  amount  of  carbonic  acid  thrown  off  per  hour  is 
calculated  in  terms  of  the  quantity  of  solid  carbon  it  contains.  This  is  done,  bov- 
ever,  for  the  sake  of  comparison  only,  as  it  is  not  supposed  by  the  authors  that  the 
means  are  thus  afibrded  of  estimating  the  whole  quantity  thrown  off  in  2i  hours,— a 
question  of  which  they  reserve  the  consideration  tor  the  present.  The  following  are 
the  general  results  already  obtained  by  them. 

1.  The  quantity  of  carbonic  acid  exhaled  by  the  lungs  in  a  given  time,  varies 
according  to  the  age,  sex,  and  constitution  of  the  subjects. 

3.  In  both  man  and  woman,  the  quantity  undergoes  modification  according  to  the 
ages  of  the  subjects  experimented  on,  quite  independently  of  their  weights. 

3.  In  all  periods  of  life,  comprised  between  8  years  and  the  most  advanced  old 
age,  man  and  woman  are  distinguished  by  the  difierence  in  the  amount  of  carbonic 
acid  exhaled  from  their  lungs  in  a  given  time.  All  other  things  being  equal,  man 
exhales  a  much  larger  quantity  than  woman.  This  difference  is  particularly  well 
marked  between  the  ages  of  10  and  40  years,  during  which  period  the  quantity  of 
carbonic  acid  exhaled  is  nearly  twice  as  much  in  man  as  in  woman. 

4.  In  man,  the  quantity  of  carbonic  acid  exhaled,  continues  to  increase  regularly 
from  8  to  30  years  of  age,  and  a  remarkable  increase  takes  place  at  the  period  ot 
puberty.  After  30  years,  the  exhalation  of  carbonic  acid  begins  to  decrea^se;  and 
this  decrease  continues,  becoming  more  and  more  marked,  as  the  individual  ap- 
proaches nearer  to  extreme  old  age;  so  that,  at  this  period,  it  returns  to  the  standard 
at  which  it  was  about  the  age  of  10  years. 

5.  In  woman,  the  exhalation  of  carbonic  acid  augments  according  to  the  same 
laws  as  in  man,  up  to  the  period  of  puberty;  but  at  that  epoch,  the  increase  suddculf 
ceases;  and  the  amount  continues  at  this  low  standard,  whh  little  variation,  as  long 
as  the  catamenia  make  their  regular  appearance.  But  as  soon  as  they  cease,  the 
exhalation  of  carbonic  acid  by  the  lungs  undergoes  a  considerable  increase;  ailer 
which  it  decreases,  as  in  man,  in  proportion  as  the  age  advances. 

6.  During  the  period  of  gestation,  the  amount  of  carbonic  acid  exhaled  is  tem- 
porarily raised  to  the  standard  which  it  attains  after  the  cessation  of  the  catamenia. 

7.  In  both  sexes,  and  at  all  ages,  the  quantity  of  carbonic  acid  exhaled  by  the 
lungs,  is  greater  in  proportion  to  the  strength  of  the  constitution,  and  the  development 
of  the  muscular  system. 

The  numerical  results  contained  in  the  memoir  itself,  are  collected  in  the  fol- 
lowing table,  which  expresses  the  quantity  of  solid  carbon  calculated  to  be  exhaled 
in  one  hour.    The  gramme  is  equal  to  about  15i  grams. 


Male. 


8  years  ...  5  grammes. 

15  8-7 

1(J 10  8 

18--i() 114 

20-30 12  2 

30-10 1-2  2 

40-60 10  1 

60-80 9-2 

102     5  9 


Female. 

8  vears 
12-38  . . 
38-50  .. 
50-60  .. 
60-80  . . 
82     .... 

5  grammes. 

6  1 

8  4 

7  3 

6-8 

60 

The    same   standard  con- 
tinues in  women  durinjjihe 
whole  of  the  men>trual  pe- 
riodi  but  if  the  caiameaia  be 
temporarily    soppres>ed,  or 
pregnancy  occur,  it  ri>es  to 
the  standard  it  attains  ar:cr 
their  entire  cessation,  namely 
8*4  grammes. 

These  numbers  express  the  averages;  the  maximum  amount  is  often  consider- 
ably greater.  In  a  young  man  of  athletic  system,  and  sound  constitution,  the  quantity 
of  carbonic  acid  exhaled  in  an  hour  was  14.1  grammes;  a  man  of  60,  equally  vigor- 
ous for  his  age,  threw  off  i3'6  grammes;  and  a  man  of  63  years,  12-4  grammes.  An 
old  man  of  92  years,  who  preserved  a  remarkable  degree  of  energy,  and  who  had 
possessed  an  uncommon  degree  of  vigour  in  his  youth,  was  found*  to  throw  offSH 
grannnes  per  hour;  whilst  the  same  amount  appeared  to  be  the  usual  standard  ic  a 
man  of  45  years  of  age,  who,  unlike  the  preceding,  had  a  feeble  system,  though  in 
equally  good  health.  The  question  how  far  these  variations  are  connected  with 
dilVcrences  in  the  capacity  of  the  chest,  and  in  the  number  of  respiratory  movements, 
will  be  discussed  in  a  future  memoir. — Annates  des  Sciences  Naiurelles.  Fevrier, 
iai3,  p.  287;  and  Brit,  <^  For.  Med.  Rev.  No.  XXX L  July,  ld43^M.  C.} 
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The  Numbers  refer  to  the  Paragraphs. 


A. 


Abxrratioit,  spherical,  328, 329;  chroma- 
tic, 328, 329 

Abducens  nerve,  248 

Abortion,  300,  753 

Absorption 
Nutritive,  general  account  of,  86;  by  in- 
testinal surface,  458-460;  by  lacteals, 
459;  by  blood-vessels,  460;  by  general 
surface,  461-467;  by  skin,  461-463, 
466;  by  lungs,  550 
Interstitial,  by  lymphatics,  464-467;  by 

veins,  467 
Of  gases  by  lungs,  550,  551 

Abstinence,  cases  of,  473 

Acini,  of  liver,  653 

Actinia,  129,  130 

Adaptiveness  of  movements,  no  proof  of 
sensation,  106, 180 

Adhesion,  598-600 

Adipose  tissue,  see  Fat-cells 

Aeration,  see  Respiration 

Afferent  nerves,  112,  115,  162 

AUfumen,  composition  of,  454;  properties 
of,  552;  a  product  of  digestion,  453,  456, 
457;  conversion  of  into  fibrin,  554,  566, 
687;  increase  of  in  blood,  595, 715;  pre- 
dominance of  in  tubercular  deposits, 
608, 609,  715;  deposit  of,  in  kidney,  610, 
715;  to  what  degree  an  element  of  tis- 
sues, 613 

Albuminous  principles,  431, 456,  457 

Albuminuria,  595,  610,  715 

Alcock,  Dr.,  his  experiments  on  nerves  of 
taste,  228 

Aliment,  causes  of  demand  for,  84;  see 
Food. 

Alimentary  materials,  716;  see  Food 

Alison,  Dr.  referred  to,  113, 173,  397, 480, 
612,  588 

AUantois,  origin  and  uses  of,  764 

Ansmia,  594 

Anatomy  of  nerves,  important  in  deter- 
mining their  functions,  120, 121 


Andral,  M.,  on  bufiy  coat,  689;  on  patho- 
logical changes  in  blood,  690-595 

Animal  Heat,  see  Heat 

Animal  kingdom,  primary  subdivisions  of, 
17 

Animal  magnetism,  296 

^mmai!^,  distinguished  from  Plants,  13-16 
early  development  of,  15 


Anterior  roots  of  spinal  neves,  123 

Aplysia,  25;  nervous  system  of,  138 

Apoplexy,  decrease  of  fibrin  in,  593 

Arciform  fibres  of  medulla  oblongata,  171 

Area  pellucida,  759 

Areas,  comparative,  of  arteries,  476 

Amott,Dr.,on  stammering,  418  n,419;  on 
the  venous  circulation,  515 

Art,  connection  of,  with  Science,  3-5 

Arteries,  distribution  of,  476;  area  of,  476; 
ramifications  of,  477, 479;  structure  and 
properties  of,  500,  639;  elasticity  of,  501; 
their  contractility,  proofs  of,  502,  503; 
its  influence,  504;  regulates  the  circu- 
lation, 504;  their  tonicity,  503;  influence 
of  nerves  upon,  209,  423 

Artieulaia,  17,  27-30;  segmental  division 
of,  27;  animal  powers  of,  28;  nutrition 
of,  29;  bi-lateral  symmetry  of,  27;  re- 
spiration and  heat  of,  29;  nervous  sys- 
tem of,  142-155 

Articulate  sounds,  413-419;  vowels,  414- 
416;  consonants,  417-419 

Asphyxia,  nature  of,  546;  phenomena  of, 
547,  648;  referred  to,  211, 389, 391, 489, 
508,  512,  M3 

Assimilation,  560 

Associations  of  muscular  actions,  398 

Asthma,  spasmodic,  300,  527. 

Attention,  effects  of,  on  sensations,  313, 
314 

Auditory  nerve,  223;  terminations  of,  in 
ear,  352 

Automatic  actions,  249,  285 

Azote,  absorption  and  exhalation  of,  536; 
excretion  of,  in  urine,  98,  671,  678;  re- 
spiration in,  639 
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B. 


Barry,  Dr.  M.,  his  researches  on  the  blood- 
corpuscles  referred  to,  667, 668, 671, 676, 
678, 679, 626,  C38;  his  embryological  re- 
searches referred  to,  424,  668,  733,  739, 
740,  742,  744-747;  his  discovery  of 
spermatozoa  within  the  ovum,  733 
Barry,  Sir  D.,  his   experiments  on  the 

venous  circulation,  616 
Bat,  peculiar  sensibility  of,  320 
Batrachia,  42, 43;  metamorphosis  of,  43 
Beaumont,  Dr.,  his  experiments  and  ob- 
servations on  digestion,  434-436,  440, 
442, 446-449,  468 
Becquerel  on  the  heat  of  Plants,  723;  on 
the  heat  of  Animals,  726;  on  the  heat  of 
muscle,  726 
Bee,  perfection  of  instinct  of,  166,  279; 
uneducability  of,  279;  temperature  of, 
726 
Bell,  Sir  C,  his  discoveries,  162,  167, 173; 
referred  to,  113,  120,  121,  186;  196  n, 
226,  240,  247,  267 
Bell,  Mr.  T.,  on  the  development  of  the 

teeth,  632  t 
Bellingeri,  on  the  Spinal  Cord,  163, 167 
Bikt  secretion  of,  662-666;  composition  of, 
663;  amount  of,  664;  formed  from  venous 
blood,  662;  effects  of  non-elimination  of, 
662;  purposes  of,  442, 466 
Birds,  44-62:  skeleton  of,  48,  49;  respira- 
tion and  heatof^  44-46;  covering  of,  47; 
instinctive  powers  of,  60,  280;  nutritive 
system  in,  61;  bi-lateral  symmetry  in,  61; 
development  of  young  in,  62;  blood-cor- 
puscles of,  673;  brain  of,  217 
Blake,  Mr.,  his  experiments  on  the  Circu- 
lation, 491 
Blind  persons,  acuteness  of  touch  in,  319 
Bloodj 
Physical  and  vital  properties  of,  670- 
689;    composed  oi  liquor  sanguinis 
and  corpuscles,  670;  structure  of  cor- 
puscles, 670;  form  of  corpuscles,  671; 
size  of  corpuscles,  in  Mammalia,  672; 
in  Birds,  673;  in  Batrachia,  674;  che- 
mical constitution  of  corpuscles,  675; 
origin  of,  from  each  other,  676;  first 
production  of,  in  embryo,  677;  pur- 
poses of,  in  animal  economy,  678; 
colourless  corpuscles,  679;  white  mat- 
ter in  blood,  680;  milky  serum,  680; 
peculiarities   of  blood   in    different 
parts,  680;  proximate  elements  of,  in 
health,  681;  quantity  of,  in  body,  490, 
681 
Coagulation  of,  682;  due  to  fibrin  alone, 
682;  an  act  of  vitality,  683;  causes 
influencing,  684;  proportions  of  se- 
rum and  clot,  686;  serum,  composi- 
tion of,  586;  influence  of  changes  in 
proportionof  constituents,  587;  bufly 


coat,  causes  of,  588,  589;  aitificially 
producible,  by  retarding  coagulation, 
689 
Pathological  changes  in,  590-595;  nor- 
mal proportion  of  chief  constituents, 
690;  importance  of  ace  urate  analysis, 
590,591;  increase  of  fibrin  in  inflam- 
mation, 592,  717;  deficiency  of  fibrin 
in  fever  and  hemorrhagic  diseases, 
593;  increase  of  corpuscles  in  ple- 
thora, 694;  diminution  in  chlorosis, 
anaemia,  600.,  694;  decrease  of  albu- 
men in  Brighfs  disease,  595;  dispro- 
portion of  albumen  to  fibrin  in  tuber- 
culous cachexia,  715 
Changes  produced  in,  by  respiration, 
538-664;  diflierence  of  arterial  and 
venous  blood,  538;  excretion  of  car- 
bonic acid  from,  539:  comparative 
anal3rsis  of  arterial  and  venoas  blood, 
640;  gases  extracted  from,  641; 
change  of  colour,  causes  of,  642; 
aeration  of,  by  general  surface,  543; 
general  action  of  respiration  on,  544 
Organization  of,  601 
Movement  of  corpuscles,  747;  move- 
ment through  vessels,  see  Circulatioa 
Blood-vessels,  see  Arteries,   Capillaries, 

Veins 
Bone,  structure  of,  628;  growth  of,  6^* 
chemical  composition  of,  630;  regene- 
ration of,  631;  Mr.  Tomes'  descriptum 
of,  628,  629 
Bowman,  Mr.,  his  observations  on  mus- 
cular fibre.  367-374,  384 
Brain,  see  Encephalon,  Cerebrum,  Cere- 
bellum, &c. 
Brewster,  Sir  D.,  his  law  of  visible  direc- 
tion, 336 
Bright's  disease  of  kidney,  695,  610, 715 
Brodie,  Sir  B.,  his  experiments  on  the  Par 

Vagum,  236;  on  animal  heat,  726 
Bronchial  tubes,  contractility  of,  527,538 
Brunner's  glands,  706 
Budd,  Dr.  W.,  referred  to,  175,  590  n,  717 
Bulb,  of  hair,  635 


C. 


Callus,  formation  of,  631 

Calorification  of  Animals,  see  Heat 

Cancer,  90,  661 

Capillary  vessels,  distribution  and  size  of, 
477;  origin  of;  477;  properties  of  their 
walls,  510;  absent  in  some  tissues,  479; 
independent  action  of,  495, 499;  proofs 
of,  505-507;  motion  of  blood  in,  478; 
continues  ailer  death,  506;  in  acardiac 
fostus,  607;  stagnation  of,  in  Asphyxia, 
&C.,  608;  influence  of  local  excitement 
on,  509;  laws  regulating,  511,513;  con- 
nection of,  with  nervous  influence,  513 

Carbonic  acid,  excretion  of,  92, 580, 533; 
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amount  of,  534,  636;  conditions  of,  537; 
contained  in  venous  blood,  538-541; 
expiration  of,  in  hydrogen,  539;  exist- 
ence of,  shown  by  analysis,  540;  extract- 
ed by  air-pump,  541;  exchanged  for 
oxygen,  544;  effects  of  its  retention  in 
the  system,  546-548 

Carbonic  acid,  absorption  of,  by  lungs,  551 

Cartilage,  structure  of,  623;  composition 
of,  624;  nutrition  of,  625;  functions  of, 
627 

Catamenia,  742 

CeUa,  88-91,  98;  compose  bulk  of  fabric 
of  vegetables,  555;  origin  of,  556,  557; 
similar  origin  of  in  Animals,  658,  559; 
individual  growth  of,  560;  transforma- 
tions of,  555,  559,  611,  612;  fluid  and 
solid  deposits  in,  612,  614;  changes  in 
form  of,  614; — ^persistent  cells,  615;  tis- 
sues composed  of,  616-634;  fatncells, 
617;  contents  of,  618;  uses  of,  619;  epi- 
dermic cells,  620-622;  cartilage,  623- 
625;  humours  of  eye,  626;  regenera^ 
tion  of,  627;  bone,  628-631;  teeth,  632-4; 
cells  replaced  by  fibres,  635-643;— cells, 
individual  life  of,  644,  645;  death  of,  644, 
646;  varying  duration  of,  645,  646 

Cellular  Plants,  88 

Cellular  (properly  fibro-cellular)  tissue, 
contractility  of,  400;  structure  and  pro- 
perties of,  638 

Cellulose,  vegetable,  612 

Cementum  of  teeth,  633 

Cephalic  nerves,  functions  of,  219-242; 
character  of,  243;  embryological  deve- 
lopment of,  243 

Cerebellum,  158,  161,  294;  of  Fishes,  213; 
of  Reptiles,  216;  of  Birds,  217;  of  Mam- 
malia, 218;  of  Human  embryo,  214, 
217;  relative  dimensions  of,  266,  267; 
experiments  on,  268,  269;  connection 
of,  with  motor  power,  270,  271;  with 
sexual  instinct,  274-278;  pathological 
changes  in,  272, 273,275;  phrenological 
account  of,  274-278 

Cerebrum,  158, 161,294;  general  structure 
of,  281;  of  Fishes,  213;  of  Reptiles,  217; 
of  Birds,  217;  of  Mammalia,  218;  of 
Human  embryo,  214, 217;  functions  of, 
279-293;  relative  dimensions  of,  283- 
285;  experiments  on,  286;  pathological 
changes  in,  281,  282,  287;  connection 
of,  with  intelligence,  279,  280;  with  the 
will,  288;  phrenological  account  of,  292, 
293;  peculiar  conditions  of,  in  sleep, 
somnambulism,  dcc^  295-297 

Ceruminous  glands,  703 

Chaetodon  restrains,  290 

Change,  involved  in  idea  of  life,  73 

Cheselden's  case  of  cataract,  334, 839 

Chiasma  of  optic  nerves,  338 

Chimpanzee,  62-70 

Chlorosis,  594 


Chondrin,  composition  and  properties  of, 
624 

Chorda  dorsalis,  760 

Chords  vocales,  402-408 

Chorion,  production  of,  477 

Chyle,  86;  formation  of,  in  intestines,  442; 
composition  of,  453;  absorption  of,  458, 
459;  analysis  of,  464;  elaboration  of, 
563-568;  aspect  of,  563;  changes  of,  in 
progress  through  lacteals,  564;  globules 
contained  in,  their  nature  and  source, 
566;  their  destination,  567;  chyle  from 
thoracic  duct,  568;  relative  constitution 
of,  569 

Chyme,  formed  by  digestive  process,  442; 
mode  of  its  production,  446-457 

Chymification,  444-457;  a  chemical  ac- 
tion, 450-457 

Cicatricula,  759 

CiUa,  621 

Cineritious  matter,  111 

ClRCULJLTIOir, 

General  account  of^  87;  objects  of,  475; 
course  of,  in  Man,  476;  arterial 
trunks,  476;  capillaries,  477;  veins, 
477;  movement  of  blood  in,  478;  ab- 
sence of  vessels  in  some  tissues,  479 

Action  of  Heart,  480;  connection  of, 
with  nervous  system,  209,  238, 481; 
rhythmical  movements  of,  482,  483; 
sounds  of,  484-486;  course  of  blood 
in,  487;  difierences  of  two  sides,  488, 
489;  quantity  of  blood  impelled  by, 
490,  491;  force  of  contractions,  492; 
number  of  contractions,  493, 494 

Action  of  VeeedB,  proofs  of  its  independ- 
ent existence,  495-499;  circulation  in 
Plants,  496,  497;  in  Lower  Animals, 
498, 499 

Action  of  Arteries,  500-504,  their  elas- 
ticity and  contractility,  500;  influence 
of  their  elasticity,  501;  proofs  of  their 
contractility,  502,  503;  their  tonicity, 
503;  influence  of  their  contractility, 
504 

Independent  motion  in  capillaries,  505; 
proofs  of,  506,  507;  stagnation  in, 
508;  influence  of  capillaries  in  regu- 
lating amount  of  flow,  509;  contrac- 
tility of  capillaries,  510;  general  prin- 
ciples of  their  action,  511-513;  influ- 
ence of  nerves  on  capillary  circula- 
tion, 513 

Motion  of  Blood  in  Veins,  514-516; 
structure  and  properties  of  veins,  514 ; 
causes  of  flow  of  blood  through,  515, 
516 

Peculiarities  of  circulation,  in  lungs, 
517, 625;  in  portal  S3rstem,517;  in  cra- 
nium, 618;  in  erectile  tissue,  519;  in 
foetus,  early  state  of,  768;  subsequent 
condition  of,  766 

Disorders  of  circulation,  716, 717 
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Clot,  of  Blood,  see  Crassamentum 

,  organization  of,  601 

Coagulable  lymph,  see  Liquor  Sanguinis 

Coagulation^  of  blood,  582;  due  to  fibrin 
aione,  582;  an  act  of  vitality,  583;  cir- 
cumstances influencing,  584;  proportion 
of  serum  and  clot,  585; — of  chyle,  563, 
564;  of  lymph,  565;  of  fibrin,  553,  554 

Goathupe,  Mr^  his  experiments  on  respi- 
ration, 532,  534;  on  products  of  combus- 
tion of  charcoal,  551  n 

Cochlea,  359 

Cock-chafer,  30 

Cxcilia,  42 

Coition,  act  of,  in  Male,  738;  in  Female, 
743 

Cold,  degree  of,  endurable  by  Man,  721; 
influence  of,  on  young  animals,  728, 729 

Coloured  particles  in  blood,  see  Corpus- 
cles 

Colourless  globules  in  blood,  567, 579 

Colours,  impressions  made  by,  345;  defi- 
ciency of  power  of  distinguishing,  346; 
complementary,  345 

Combe,  Dr.  A^  quoted  from,  428,  449,  768 

Commissures  of  Brain,  216-218;  defi- 
ciency of,  286 

Complementary  colours,  345 

Conchifera,  nervous  system  in,  133 

Concussion  of  brain,  effects  of,  386, 425 

Consciousness,  100,  289;  double,  296 

Consensual  movements,  250,  257 

Coniradi&ti/f  of  Muscle,  105,  366;  not  de- 
pendent on  nervous  agency,  380-385; 
but  influenced  by  it,  386-388;  of  fibro- 
cellular  tissue,  400;  of  dartos,  400;  of 
arteries,  500,  502-504;  of  capillaries, 
510;  of  bronchial  tubes,  527,528 

ContraciioTif  of  Muscle,  mode  of,  371,  372; 
causes  of,  378,  379;  alternates  with  re- 
laxation, 377;  after  death,  389-391;  de- 
pendent on  arterial  blood,  392;  power 
of,  the  same  at  diflierent  degrees  of  ex- 
tension, 394;  energy  of,  in  Man,  395; ; 
in  Insects,  396;  rapidity  of,  397  j 

Convolutions  of  13rain,  313-318 

Convulsive  diseases,  298-301 

Cooling  power,  731 

Cooper,  8ir  A.,  his  experiments  on  circu- 
lation through  cranium,  118;  his  re- 
searches on  Mammary  gland  and  its 
secretion,  427,  680-688;  on  Thymus 
gland,  711 

Coral,  18 

Corallines,  18 

Cornea,  structure  of,  626;  nutrition  of,  627 

Corpora  Malpighiana,  667 

Olivaria,  168-172 

Pyramidalia,  168-172 

Quadrigemina,  214,  215,  265 

Restiformia,  168-172 

Striata,  169-172,  214 

WoMana,  37,  669,  670, 699 


Corpus  Callosum,  216,  218 

Luteum,  744 

Corpuscles  of  Blood,  stmctnre  oC  570; 
form  of,  571;  size  of,  in  Mammalia.  572; 
in  Birds,  573;  in  Reptiles,  574;  chemi- 
cal constitution  o(,  675;  prodoctioD  o(, 
by  each  other,  576;  first  formation  of,  in 
embryo,  577;  large  in  ftoclas,  577;  uses 
of,  in  animal  economy,  578;  altered  fonn 
of,  in  portal  blood,  5^0;  increase  oi,  in 
plethora,  594,  diminntion  of^  in  chioro 
sis,  594 

of  Spleen,  680,  709 

of  Supra-Renal  Capsules,  560, 

710 

Cortical  Substance,  of  Brain,  281 

of  Kidney,  6€6, 667 

Cranium,  circulation  in,  617 

Crassamentum  of  Blood,  682-686 

Croup-like  convulsion,  300 

Crowing  inspiration  of  infants,  300 

Crusta  petrosa  of  teeth,  634 

Cruveilhier,  M.,  his  observations  on  heart, 
482-486;  on  purulent  deposits,  665 

Cryptogamia,  reproduction  in,  732 

Crystalline  lens,  626 

Currie,  Dr.,  case  of  dysphagia  related  br, 
461 

Cuttle-fish,  nerves  of  arms  in,  139,  \¥K 
ejection  of  ink  by,  141,  260 

Cytoblast,  556,  559,  666,  667,  600, 605 

Cytoblastema,  554,  600,  636 


D. 


Dartos,  contractility  of,  400 

Davy,  Dr.  J.,  his  researches  on  animal 
heat,  720 

Death,  somatic  and  molecular,  644;  death 
of  individual  cells,  645 

Decidua,  formation  of,  748 

Decomposition, continual,  in  livingbcings, 
83,  84,  92,  467 

Decussation,  of  optic  nerves,  338 

Defecation,  202 

Degeneration,  of  nervous  structure,  C2^ 
of  muscular  fibre,  381,  382;  of  ennia- 
tion-cells  into  pus,  605,  606;  into  tuber- 
cle, 608,  609;  of  blood-corpuscles  into 
ichor,  607 

Deglutition,  433;  a  reflex  action.  191; 
nerves  concerned  in,  192,  193;  actions 
preceding,  195-197;  in  Poljrpes,  130 

Demar^ay,  on  the  constitution  of  the  bile, 
663 

Dental  groove,  632 

Dentine,  632  c,  633 

Devergie,  M.,  his  table  of  development  of 
fcBtus  at  difl[erent  ages,  769 

Diabetes,  714 

Diatheses,  gouty,  714;  saccharine,  714; 
tubercular,  715;  inflammatory,  716 

Diet^scale,  see  Food 
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DiOEBTIOK, 

General  account  of,  77,  86;  in  lower 
Animals,  430;  in  Man,  431;  alimen- 
tary materials,  431;  relative  digesti- 
bility of  different  kinds  of  food,  447, 
448;  importance  of  bulk,  449 
Processes  of,  432-443;  mastication  and 
insalivation,  432;  deglutition,  433; 
condition  of  stomach  in,  during  health, 
434;  disorder  of,  435;  Dr.  Beaumont's 
researches  on,  434,  435,  44(M49; 
sense  of  hunger,  436-438;  sense  of 
thirst,  439;  entrance  of  food  into  sto- 
mach, 440;  movements  of  stomach, 
440;  expulsion  into  duodenum,  441; 
passage  along  intestines,  442,  443; 
discharge  of  feces,  443 
Chemical  phenomena  of,  444-457;  pro- 
perties and  action  of  gastric  juice, 
445,  446;  its  chemical  action,  450; 
artificial  solution  of  food,  451,  452; 
Schwann's  researches  on  pepsin,  451; 
Wasmann's  researches,  452;  reduc- 
tion of  food  to  form  of  albumen,  453; 
similarity  of  azotized  proximate  prin- 
ciples, 454;  composition  of  protein, 
455;  conversion  of  saccharine  and 
oleaginous  principles,  456;  general 
review  of  the  process,  457 
Influence  of  nerves  upon,  235, 236 
Interstitial,  according  to  Dr.  Prout,  465 

Direction,  law  of  visible,  336 

Discs  of  Blood,  see  Corpuscles 

Distance,  adaptation  of  eye  to,  329;  esti- 
mate of,  341 

Domesticability  of  Animals,  50,  53, 280 

Donne,  M.,  his  observations  on  Milk,  685; 
on  temperature  in  disease,  720 

Dorsal  vessel  of  Articulata,  29 

Double  consciousness,  296 

Dreaming,  295,  296 

Dugong,  heart  of,  476 

Duvemey,  glands  of,  in  the  female,  743 

Dzondi,  on  deglutition,  433 


£. 


Ear,  general  action  of,  104;  comparative 
structure  of,  350,  351;  distribution  of 
auditory  nerve  in,  352;  uses  of  mem- 
brana  tympani,  356;  of  tjrmpanic  cavity, 
357;  of  labyrinth,  358,  359;  of  external 
ear  and  meatus,  359,  360 

Echinodermata,  19 

Educability,  of  Birds,  50,  280;  of  Mam- 
malia, 53,  280;  of  Man,  71,  279 

Edwards,  Dr.,  his  experiments  on  respirap 
tion,  533, 536,538,539;  on  animal  heat, 
728,730 

Efferent  nerves,  112, 116, 162 

Egg,  see  Ovum 

Ehrenberg,  on  limits  of  vision,  333 
77 


Eighth  Pair  of  Nerves,  see  Glosso-pharyn- 
geal.  Par  Yagum,  and  Spinal  Accessory 

Elasticity,  of  arterial  walls,  500,  501 

Elastic  tissues,  639 

Embryoy  early  development  aU  758-770; 
formation  of  germinal  mass,  758;  of  ger- 
minal membrane,  758,759;  of  vertebral 
column,  760;  of  amnion,  761;  of  vas- 
cular area  and  umbilical  vessels,  762; 
of  branchial  arches,  763;  of  allantois, 
764;  of  umbilical  cord,  765;  influence  of 
mother  on,  768;  table  of  development, 
769;  size  and  weight  of  at  birth,  770 

Embryonic  development,  of  brain,  214, 
215,  217;  of  cephalic  nerves,  243;  of 
lungs,  526;  of  blood-corpuscles,  577;  of 
liver,  660;  of  kidney,  669, 670;  of  heart, 
762;  of  circulating  apparatus,  766;  uf  di- 
gestive cavity,  767 

Emissio  seminis,  180, 203,  738 

Emotions,  influence  of  on  nutrition  and 
secretion,  423, 425-429 

Emotional  actions,  258,  260-263,288,  290 

Empiricism,  rational,  1 1 

Encephalon,  comparative  anatomy  of,  213 
-218;  proportions  of  different  parts,  in 
Fishes,  213,  214;  in  Reptiles,  216;  in 
Birds,  217;  in  Mammalia,  218;  in  Hu- 
man Embryo,  214,  215,  217;  functions 
of,  258-293 

Epidermic  tissues,  620-622;  epidermis, 
620;  nails,  620;  epithelium,  621;  nutri- 
tion of,  622 

EpUepsy,  299 

Epithelium,  621 

Erectile  tissue,  519 

Eustachian  tube,  uses  of^  357 

Eustachian  valve,  uses  of,  766 

Excretion,  objects  of,  92;  of  carbonic  acid, 
92,521;  of  nitrogen,  93,  671,678;  result 
of  decomposition,  467, 648;  elements  of, 
previously  in  blood,  467,  520,  648 

Excretions,  outlets  of,  guarded  by  spinal 
cord,  202,  203 

Exhalation,  by  lungs,  550;  influenced  by 
mental  state,  429;  from  skin,  702,  703 

Experiments  on  nerves,  fallacies  of,  122- 
124 

Expiration,  act  of,  530 

Exudation  corpuscles,  559,  562,  600,  605 

Eye,  general  action  of,  103;  an  optical  in- 
strument, 329;  adaptation  of,  to  distance, 
329;  defects  of,  331;  optical  powers  of, 
332,333;  consensual  movements  of,  251 
-256 


F. 


Falsetto  notes,  how  produced,  410 
Faraday,  Mr.,  optical  illusion  discovered 

by,  344 
Farre,  Dr.  A.,  discovery  of  Spermatozoa  in 

Ovum,  733 
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Fatcells,  617-619;  contents  of,  617,  618; 
uses  of,  619 

Feathers,  47 

Fever,  state  of  blood  in,  593 

Fenestra  ovalis,  361,  358 

rotunda,  351,  358 

Femelejr,  Mr^on  areas  of  arteries,  476 

Fibres  of  Vegetable  tissue,  origin  of,  555 
of  Animal  tissues,  635-643;  hair, 
635-637;  fibro-cellular  tissue  and  serous 
membranes,  638;  elastic  tissue,  tendons, 
fibrous  membranes  and  ligaments,  639; 
sldn  and  mucous  membrane,  640;  of 
Muscular  and  Nervous  tissue,  see  Mus- 
cular Fibre,  and  nervous  tissue 

Fibrin,  composition  of,  454;  properties  of, 
553,  554,  559,  562;  conversion  of,  into 
albumen,  553;  coagulation  of,  553,  554, 
567,  582,  583;  in  chyle,  564,  565;  in- 
crease of  in  inflammation,  593, 593, 716, 
diminution  of,  in  fever  and  hemorrhagic 
diseases,  593;  deficient  in  tubercular  de- 
posits, 608,609,715;  formed  at  expense 
of  albumen,  554,  566,  587,  715;  organir 
zation  of,  600;  chief  elements  of  organ- 
ized structures,  612,613 

Fibro-cartilage,  623 

Fibro-cellular  membrane,  638 

Fibrous  membranes,  639 

Fifth  pair  of  nerves,  225;  ophthalmic 
branch  of,  226;  superior  maxillary 
branch  of,  226;  inferior  maxillary  branch 
of,  226;  linguaJ  branch  of,  228;  develop- 
ment of,  243;  influence  of,  on  organic 
processes,  425 

Fu/ieSf  37,  38;  skeleton  of,  37;  respiration 
of,  38;  air-bladder  of,  38,  351;  kidneys 
of,  37;  encephalon  of,  213-215;  circula- 
tion in,  499 

Fluids,  absorption  of,  by  intestinal  surface, 
458-461;  by  general  surface,  461-463; 
by  veins,  460,463,  466;  by  lacteals,469; 
by  lymphatics,  463,466 

Faitus,  table  of  development  of,  7C6;  cir- 
culation in,  766;  brain  of,  compared  with 
that  of  lower  animals,  2 14,  215,  217 

Follicles  of  Liebcrkohn,  705 

Food,  causes  of  demand  for,  84;  diflferent 
kinds  of,  431;  desire  for,  436-438;  rela- 
tive dij^estibility  of  diflerent  lands  of, 
447,  448;  mechanical  reduction  of,  432; 
entrance  of,  into  stomach,  440;  pas- 
sage of,  into  intestine,  441;  passage  of, 
through  intestinal  canal,  442, 443;  mode 
of  solution  of,  444-457;  proximate  prin- 
ciples contained  in,  454;  production  of 
albumen  from,  453;  smallest  quantity  of, 
on  which  life  can  be  supported,  473; 
greatest  quantity  that  can  be  devoured, 
474;  supply  of  required  by  Man,  468- 
474;  sufficiency  indicated  by  satiety, 
468;  allowance  of,  in  Navy,  469;  in 
troop-ships,  470;  in  Millbank  Peniten- 


tiary, 470;  in  Edinburgh  House  of  Re- 
fuge, 470;  in  convict-ship,  470;  in  ChiM- 
ren*s  Institutions,  471;  in  Hospitals,  473 

Form,  mode  of  acquiring  knowledge  of,  by 
touch,317;  by  sight, 339, 340 

Fourth  pair  of  nerves,  244,  246,  247 

Fourth  ventricle,  164, 216 

Foville,  Dr^  his  observations  on  brain,  1 15, 
282 

Fremy,  M^  his  analysis  of  neirons  matta*, 
642 

Frog,  42 

Functions,  75;  division  of,  into  organic  and 
animal,  76, 77;  connection  of,  77-82, 97; 
of  Animal  Ufe,  78-80,  100-105;  of  Or- 
ganic life,  83-99 


G. 


Gall-bladder,  652 

Ganglia,  111;  of  Nervous  System  of  Rt- 

diata,  129;  of  MoUusca,  13(2, 136;  of  Ar- 

ticulata,  143, 144,  148;  of  special  sense 

in  Vertebrata,  258,  261-266,  294;    of 

Sympathetic,  110,  111 
Ganglionic  globules.  111 
Gases,  poisonous,  action  of,  550, 551 
Gasteropoda,  Nervous  System  of^  133, 138 
Gastric  fluid,  secretion  of,  not  dependent 

on  nervous  influence,  235;  properties  oA 

U5,U6ei9eg. 
Gelatin,  composition  of,  613 

,  of  cartilage,  624 

Gerber,  Prof,  referred  to,  619,  569,  606, 

607,  608 
Germinal  mass,  758 
membrane,  serous  layer,  758; 

mucous  and  vascular  layers,  759 

spot,  739  et  seq. 

vesicle,  739  etaeq. 


Gestation  in  Mammalia,  56;  signs  of,  753; 

ordinary  duration  of,  754;     protracted, 

755;  shortest  period  of,  75is 
Gills,  respiration  by,  523 
Globules,  of  Chyle,  563,  564,  56&-56}^  of 

Blood,  570  (see  Corpuscles);  colourless, 

567,  579 
Globulin,  composition  of,  575 
Glosso-phar}Tigeal  nerve,  functions  of.  192, 

193,  228;  development  of,  243 
Gluttony,  cases  of,  474 
Glycerine,  composition  and  properties  of, 

617,  618 
Goodsir,  Mr.,  his  researches  on  the  Teeth, 

632;  on  the  agency  of  cells  in  Secretion, 

613 
Gouty  diathesis,  714 
Grainger,  Mr^  referred  to,  163,  177, 197 
Granular  degeneration  of  kidneys,  610, 

715 
Granulation,  604,  605 
Granules,  of  albumen,  562 
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Granules  of  tabercolar  matter,  608, 609 
Greenhow,  Dr^  his  plan  of  treating  bums, 

603 
Grey  matter  of  Nervous  system.  111,  115; 

of  Brain,  281 
Grey  or  organic  fibres.  111 
Gulliver,  Mr.,  his  observations  referred  to, 

554,  563,  564,  568,  670  ri,  571,  572,  573, 

576,  577,  580,  609,  631 
Guy,  Dr.,  his  researches  on  the  Pulse,  493, 

494 


H. 


Ha?madynamometer,  492,  548 

Hxmatosine,  575 

Hales,  Dr.,  his  experiments  on  the  circu- 
lation, 492 

Hall,  Dr.  M.,  his  discoveries,  173, 185, 297 

referred   to,  163,  204,  207, 

210-213,  381,  393,  417,  418 

Haller,  his  doctrine  of  muscular  irrita- 
bility, 386 

Hearing,  sense  of,  104,  808,  349-365; 
physical  conditions  of,  349,  353-365, 
use  of  tympanum,  356;  tympanic  cavity 
and  Eustachian  tube,  357;  chain  of 
bones,  358;  labyrinth,  359;  external  car, 
360;  auditory  nerve,  352;  tones  pro- 
duced by  succession  of  sounds,  362; 
estimate  of  degree,  direction,  and  dis- 
tance, of  sounds,  363;  rapidity  of  percep- 
tion, compared  with  sight,  364;  uses  of, 
in  regulating  voice,  365 

Hearty  476;  muscular  fibre  oU  375;  inhe- 
rent contractility  of,  480;  rhythmical 
movements  of,  482,  483;  influence  of 
nerves  on,  209,  238,  481;  sounds  of, 
484-486;  course  of  blood  throi^h,  487; 
differences  of  structure  in  two  sides  of, 
488;  difference  of  valves,  489;  quantity 
of  blood  propelled  by,  490,  491;  force  of 
contraction  of,  492;  number  of  con- 
tractions of,  493;  various  causes  influ- 
encing, 493,  494;  origin  of,  763;  subse- 
quent development  of,  766 

Heat^  Animal,  amount  of,  developed  by 
Man,  719,  720;  in  disease,  720;  depen- 
dence of  on  formation  of  carbonic  acid, 
72;J-727;  developuiciit  of,  in  Plants, 
723,  724;  in  lower  Animals,  725;  de- 
pendent in  part  on  skin,  726;  not  fully 
to  be  accounted  for  by  combustion,  727; 
heat  of  young  animals,  728,  729;  varia- 
tions in  power  of  generating,  at  different 
seasons,  730;  provision  against  excess, 
731 

Heat,  external,  influence  of  on  incubaticm 
uf  Birds,  52;  extremes  of,  endurable  by 
Man,  721,  722;  power  of  resisting,  731 

Heuiiopia,  338 

Hering,  experiments  oU  on  circulation,  490 

Holland,  Dr.,  referred  to,  296  n,  315 


Homy  matter,  composition  of,  621 

Horses,  cerebella  of,  276 

Hospitals,  diet  of  patients  in,  472 

Hunger,  sense  of,  436-438 

Hunter,  John,  on  functions  of  lymphatics, 

467 
1  Dr.  W.,  on  formation  of  decidua, 

748 
Hyaline  substance,  564,  600 
Hydra,  130;  reproduction  of  parts  in,  596 
Hydrophobia,  212,  298,  299 
Hygiftne,  dependence  of  on  Physiology,  6 
Hypochondriasis,  315 
Hypoglossal  nerve,  functions  of,  241,  242; 

development  of,  243 
Hysteria,  299 


Ichor-corpuscles,  607 

Idiots,  actions  of,  279,  286,  28A 

Immortality  of  the  Soul,  72,  78 

Impressions  on  Nervous  system,  107, 130, 
134 

,  sensory,  persistence  of,  307; 

of  taste,  323;  of  smell,  325;  of  sight,  344 

Improveability  of  Man,  71 

Incontinence  of  urine,  300 

Infants,  inferior  calorifying  power  of,  728, 
729 

Injiammatumy  increase  of  fibrin  in,  693, 
716;  generally  unfavourable  to  reparar 
tion,  597,  699,  604;  prevention  of,  afller 
injuries,  603;  how  far  concerned  in  de- 
position of  tubercle,  609;  real  nature  of, 
716 

Ingestion  of  food,  actions  concerned  in, 
196-197 

Insanity,  263, 295;  alterations  of  brain  in, 
282 

Insects,  muscular  apparatus  of,  28,  30; 
strength  of,  396;  instincts  of,  28,  279; 
heat  developed  by,  29,  725;  nervous 
system  of,  143-161;  reflex  actions  of, 
146;  circulation  in,  475;  respiration  in, 
523 

Inspiration,  act  of,  530 

Instincts,  of  Articulata,  28,  166,  279;  of 
Birds,  60,  280;  of  Mammalia,  63;  of 
Man,  155,  258,  260,  279;  of  Cuttle-fish, 
141;  of  Idiots,  279 

Intelligence,  of  Vertebrata,  34;  of  Birds,  60, 
280;  of  Mammalia,  53,  280;  of  Man,  71 
279;  general  absence  of,  in  Invertebrata, 
279;  seat  of,  in  the  Cerebram,  279,  280, 
285;  degree  of,  connected  with  early 
processes  of  development,  64 

Intemuncial  function  of  Nervous  System, 
102 

Intervertebral  nerves,  243 

Intestines,  peristaltic  mbvements  of,  200, 
201;  passage  of  food  through,  442, 443; 


ne  NumUn  refir  to  Ike  Poiy 

glandnlm  of^   TM-TDTi    seeretioDS  of,  1 

443 

iDtaitiTe  percepiiotu,  S6S-S9a  |  vessels. 

Iron,  in  blood^scs,  576;  administration  {  hepatic  ■ 

of,  in  chlorosis,  MH  ]  congeslit 

Irritabilily,  of  mnscul&r  fibre,  366  n;  Dr.  |  embryoii 

M.  HaU  on,  3B3;  see  Contraclililj  |  tiamil  sii 


K«IUe,  Ht~,  his  eiperimcnti  on  circnlaucn  ' 
in  cranium,  BIS  I 

Kidnty*.  general  funelioD  of,  93;  siructure 
of,  666-6eO;  conical  and  medullarr  sub- 
stance.«.  667;  nibuli  uriniTeri,  668;  em- 
bryological  development  of,  669,  670; 
see  Urine 

Kiernan,  Mr,  on  the  Uver,  663-669 

Kiestine,  ia  nrine  of  pregnanl  womCJi,  { 
690,  TBI  I 


6fil 
Lymph,  coi 

of,  666; 

467,  567, 
Ljrmph,  cm 
Lymphatic: 

bodr,  46 


Labvrinth  of  ear,  nses  of;  358, 35B  | 

Lachiymal  gland,  396 

secretion,  395;   iDfluence  of 

nervous  system  on,  426  j 

Lacieals,  origin  and  distribntian  oC  4S8;  > 

functions  of,  459,  460  ■- 

Lactic  Acid,  m  unoe,  676 
Lamina,  spiralis,  353 

Lane,  Mr,  his  investigations  on  chyle,  56S 
Larynx,  structure  of,  402-40S;  action  of 

muscles  of.  4113,  404;  nervous  connec 

lions  of,  1ST.  188 
Laws,  of  transmission  of  nervous  Influ- 

eoce,  126;  of  duratioD  of  cells.  645 
Lccanu,  M^  his  analysis  of  blood,  581;  his 


Macartney, 

live  proc 

Madden,  I 

sorption, 

Mai^ctism 

Magnus,  hi 

Malienant 

Mammata, 

lelon  of, 

subdivi^j 

blood-coi 


obse 


e,e73 


Lee.  Dr.  R..  his  observations  on  nerves  of 

uterus,  643,  751 

Leurel,  M.,  his  observations  on  Ccrcbcl' 

lum.  376  I 

Levator  jialpebnr,  action  of,  S49  i 

Liebi^,  his  analysis  of  oi^anic  compounds, 

451;  on  uric  acid,  676 
Life,  idea  of,  involves  chan^.  73 
Ligaments,  structure  of,  339;  vocal,  403- 

405,  406 
Light,  laws  of  refrwition  of,  316-338;  ra- 
pidity of  pcrccptiiin  of,  compared  with 
siiund,  364;  inllueiicc  of,  on  metamor- 
phosis. 43;  eflect  uf  on  (iU]>il,  S22  i 
Lingual  branch  of  filth  pair,  S28                 ' 
Liquor  sanguinis  570;  organization   of; 


6S4-692; 

Mfvi,  chars 


617,618 
Masticaliol 
MtduOa    C 
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Metamorphosis  of  Batrachia,  42, 43  | 

3^Ucy  peculiarity  of,  as  alimentary  sub- 
stance, 431,  686;  composition  of,  684; 
microscopic  characters  of,  686;  consti- 
tuents or,  686;  comparison  of,  with 
blood,  687;  proportion  of  constituents  in 
milk  of  di^rent  animals,  688;  quantity 
of,  692;  change  in  character  of,  during 
nursing,  689;  consequences  of  retention 
of,  690;  tranference  of  secretion,  691; 
foreign  substances  entering,  692;  influ- 
ence of  emotions  on,  690, 691;  secretion 
of,  in  male,  683  n 
Milky  aspect  of  chyle,  664 

serum,  664,  580 

Millbank  Penitentiary,  470 

Mind,  inAuence  of,  on  nutrition  and  secre- 

Uon,  4:26-429 
Mitchell,  James,  case  of,  326 
Modelling  process,  602,  603 
MoUusca,  17,  22-26;  organs  of  locomotion 
in,  24;  organs  of  nutrition  in,  26:  blood 
and  respiration  of,  26;  nervous  system 
in,  132-141;  acephalous,  161;  circula- 
tion in,  476;  respiration  in,  623 
Montgomery,  Dr.,  on  corpus  luteum,  741 
Mother,  influence  of,  on  foetus,  768 
Motions  of  Plants,  13,  128 
Motor  lingus,  241,  242 

oculi,  224,  249 

Motor  nenres,  determination  of,  122 
tract  of  Sir  C.  Bell,  169;  connec- 
tions of,  170-172 
Movements  of  eye,  249,  261-266 

,  other  consensual,  267 

Mucous  Membrane,  641;  of  stomach,  ap- 
pearance of,  in  health,  434;  in  disease, 
436;  intestinal,  structure  of,  468;  glan- 
dulae  of,  in  stomach,  704;  in  intestines, 
706-707 
Mulder,   his    analysis  of  organic  com- 
pounds, 466;  of  gelatin,  613 
Mailer  referred  to,  162,  313,  336,  346,  864, 
381,  383,  406,  410,  461,  468,  619,  638, 
639,  641,  682,  709,  712 
Muscular  Fibre, 
Structure  of,  366-376;  in  muscles  of 
Animal  life,  366-374;  arrangement  of, 
in  fasciculi,  367;  cleavage  of,  372; 
composed  of  fibrillae,  367;  enveloped 
in  sheath,  367;  form  and  comparative 
dimensions  of,  368;  structure  of  ulti- 
mate fibrills,  369;  state  of,  in  con- 
traction, 371,  372;  origin  of,  374;  in 
muscles  of  organic  life,  366,  376 
Contractility  of,  366;  duration  of,  376; 
alternates  with  relaxation,  377;  in- 
crease in  amount  by  exercise,  377; 
different  effects  of  stimuli  on,  378;  in- 
fluence of  nerves  on,  379-387;  loss 
of,  from  section  of  nerves,  381,  882; 
restored  after  exhaustion,  383;  an  in- 
dependent endowment,  386;  destroyed 


by  sudden  shock  to  nervous  system, 
386,  387;  energy  of,  dependent  on 
arterial  blood,  392;  difference  of,  on 
two  sides  of  heart,  393;  the  same  at 
diflferent  degrees  of  contraction,  394; 
power  generated  by,  in  Man,  396;  in 
insects,  396 

Contraction  of,  after  death,  389-391; 
medico-legal  inquiries  respecting, 
391;  rapidity  of  changes,  397;  asso- 
ciated in  movements,  398;  influence 
of,  on  Circulation,  616 

Nutrition  of,  641;  composition  of,  641; 

Sensibility  of,  399 

Tissues  resembling,  400 
Muscular  sense,  399 


N. 


Nails,  621 

Nasmyth,  Mr^  on  the  teeth,  682/  633, 634 

Nerves,  origin  and  termination  of,  1 16, 1 16; 
mode  of  determining  functions  of,  120- 
126;  termination  of,  in  sensory  organs, 
322,  362;  in  muscles,  379 

Nervous  agency,  hypothesis  on  its  nature, 
126;  laws  of  its  transmission,  126;  not 
essential  to  Nutrition  and  Secretion,  91, 
96,  237;  influence  of,  on  organic  func- 
tions, 420-429. 

Nervous  System,  general  functions  of,  102, 
106-109;  elementary  structure  of,  110- 
114;  white  matter  of,  110;  grey  matter 
of,  HI,  aflTerent  and  efferent  fibres  of, 
112;  use  of  plexuses  in,  113;  isolated 
course  of  single  fibres,  113,  114;  func- 
tions of  grey  matter,  116-118;  func- 
tions of  white  matter,  116;  relation  of, 
with  vascular  system,  1 16, 1 18;  simplest 
idea  of  nervous  system,  119;  nature  of 
changes  in,  126;  existence  of,  in  lowest 
Animals,  128,  129;  general  recapitular 
tion  of  functions,  294;  peculiar  condi- 
tions of,  296,  296;  pathological  states  of, 
297-301 

Nervous  tissue,  composition  of,  642;  nu- 
trition and  regeneration  of,  643 

Newport,  Mr.,  his  observations  on  the 
respiration  of  Insects,  636;  on  their 
temperature,  726 

Nucleated  cells,  616 

Numerical  method,  12 

Nutrition, 
General  account  of,  88-91;  connection 
of,  with  nervous  system,  91;  simplest 
form  of,  88;  not  dependent  upon  nerv- 
ous agency,  424  but  influenced  by  it, 
426 
Essential  nature  of,  651  et  seq,;  organ- 
izable  principles,  composition  and 
properties  of,  562-664;  albumen,  662; 
fibrin,  663;  its  coagulation,  664:  origin 
of  cells,  666-662;  predominance  of. 


TSe  Kumbrr*  rtfir 
ia  Veepiablc  >iructun!s,  656;  mode  i>r 
(ihsi'ii  AAGt  &^7;  ciirrespnnJin.i;  phe- 
niiinuna  in  Aiiiiii.ila,fiM,  9SI>;  grtiwih 
i>r,   by  a'-NimilaUiin,   SUO;   ]>araKiiic 

Pihriii,  thi!  rhiuf  onnniKabIc  principle 
.Vh!i|>nHlu('tii>noCin<Avfranil/yiH;iA. 
.'iK)-5«II:  charaulLTi  of  crude  cliyli-. 
SA^i  cliuiio'v  iluriii:;  poitsa^w  lliri>ii::h 
laricaiN  5M;  charaukTS  i>l'  I)'di|i)i. 
SOA;  Miiirrf  of  [;l>>bul>>s  in,  666;  ilf  >. 
Iinalioii  iif  lytiiplisriDl'iilcs,  Ml;  iia- 
lun-  •■('  iltiiil  in  ihoracic  ducu  S^\ 
talniiitr  vii-u-  of  elai^Drdlion  of  vhylc, 
.'■Gil;  Mini,  phvii'ai  and  vital  ctiarai^- 
lt'i>  III;  57l>-^  (kuc  BIkikI);  pallio- 
lo-ii-al  c-haiigi's  in.SW>-S95 

Orinin  i.l"  soliJ  lUsuex,  S9li-GU6i  repro- 
duclion  iir  pans  in  lower  Animals, 
69G;  nrparalive  pniresscs,  597,  60di 
iiiiKin  by  rir>i  inu-niiun,  999;  iircan- 
ixaiiiin  of  lii)ii»r  saiiiniiDi«,  OWi;  or- 
Eanixatiim  of  MrxHl,  BOl;  miolvlUn;; 
jinici-^  of  Dr.  Macartney,  Bi)3;  ttir- 
cuni-tniicfx  favriiiraMi-  i^'i  6(0;  frraii- 
uiadou.  fiO-l,  61)5;  deKencratioTiti  of 
slructiire,  pus  6U6,  6UG;  ichor,  0117; 
tubcprlc.mUMilO 

Fiirmatinn  of  iLiNiius.  Itll'MS;  scncrat 
modeii  of  iranhfurmatiiin.  61:^  com- 
p(»iti(iiiaiu1i>ni|>i!rliexofj;:t'lalin,613; 
prudiictiiMi  uf  Dbres,  614;  cellular 
KtrnctMn',  in  Aniiaal  iNMlifK,  019;  pii;- 
uu>nl-CL-lis,  610;  fal-ci-lK  617-019; 
t'j>iili.Tiiiic!  ti^yul■^,  li'JV-OSS;  cartiiaa<^, 
623-6'.:.^;  hnuiour:*  of  liii;  eve.  6SC; 
m<Hlc  of  ilK'ir  iiniritioii,  037;  hinr. 
<i3H-r>31;  tn'ih.  n:i3-<i:tl;  Rt•^1U^  liv- 
9Mv>,  AH-V-f^l;!;  Iiair.  IUI.Vca7;  &hr>i- 
oi-llular  U'-^w  wtA  si-niii>  ineinhrani'. 
«!« I'laMir  ii-iu.-,  i<'ii.l..[>s.  liirmni-Ni-. 
ind  I 


to  Ike  I'arag 

Opiic  lubes 

tiles,  S 16: 

318;  in  I 

functions 

Opiic  .Nerv 

SS3:ikcii 

in  papilln 

Optic  lliali 

(Iran;;  uuia. 

Orbicularis 

Orbit,  iniitu 

at.  S45,  S 

Or.'aiiic  fibi 

4S& 
ORtanizaii'i 

5ii4;  uf  li 

eai 
Or.!Bii9  of  i 

103,  104; 
Omiiborhyi 
Osirif  11.47, 
Uvariuiii,  d 

pus  lult;u 
Ovum,  par 

al,  7J3,  7 

744;  lirsl 

Owen.  Mr, 


Pancreas, : 

61IA 
]>apilln<,  of 


branu-!!,  HI);   iniisei)l:ir  i 

nervous  li>AUi-.(!l-J.lilJ 

l><'iiUiofii»n>-s.n41:  iiriiK 

of  prlK  rllS;  vnnaliou  a 


Oot..|m.-.  rnTv.-s..r,  il;l 

Od..iirs.  s.-iiMl,ilirviM,  S3i> 

mode  oi' 

<L>..i.ha=ii-.dvM-n,i..f  f,.,.<Mh 

lUsh,  lUl 

Pepsin,  4.il 

Ol,.ai;inons  priii<-i|ik>s  -tal.  45fi 

457 

I'creepli.m. 

Oli'iiii:.  coniiiiisilinii  and  proper 

esof,6l7. 

IVrejiml.ia 

l'eri,-i.iUic  1 

Oinifti.n'  lobi's.  in   Kislius.  ill 

,  2H;  in 

pi'ixleni  • 

Kt'piiles.  -Jlli;  in  Uird.s,  317 

in  Jlam- 

nwlia-SHt 

[Jieiic.  2U 

Oifuiiivo  n.-rvei. timiti..ns of, '. 

Jii 

P.i-erian  -1 

Olivary  K-IhsHW-I '2 

I'liitip.   Ur. 

Omiibalu-iuesenuc  vcssils,  7G8 

704 
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tion  of  nervous  system  with  heart,  481; 
with  capillaries,  513 

Photophobia,  222 

Phrenological  doctrines  regarding  Cere- 
bellum, 274-278 ;  regarding  Cerebrum, 
292,  293 

Phi/aiologyf  objects  of  the  science,  and 
mode  of  pursuing  it,  1;  science  of  nor- 
mall  ife,  2;  its  relation  to  Hygidne,  6; 
to  Pathology,  7-9 

Pigment^ells,  616 

Placenta,  54, 55;  formation  and  structure 
of,  748 

Placental  souffle,  750 

Plants,  see  Vegetables 

Plethora,  increase  of  blood-corpuscles  in, 
594 

Plica  Polonica,  636 

Poisseuille,  M^  his  experiments  on  the 
circulation,  492,  501,  503,  587 

Polypes,  18,  130;  circulation  in,  498;  re- 
production of  parts  in,  596 

Porrigo  favosa,  a  vegetable  parasite,  561 

Portal  circulation,  500,  517 

Posterior  roots  of  spinal  nerves,  123 

Pregnancy,  signs  ol^  751,  752,  see  Gesta- 
tion 

Presbyopia,  351 

Primitive  trace,  759 

Protein,  composition  and  properties  of, 
454 

Proteus,  43 

Prout,  Dr^  his  classification  of  alimentary 
substances,  431;  his  observations  on 
digestion,  453;  on  amount  of  carbonic 
acid  excreted,  535;  on  watery  exhala- 
tion from  the  lungs,  549;  on  urine,  674 
-677;  on  general  disorders  of  secre- 
tion, 718 

Pulsation  of  heart,  482-486 

of  arteries,  501 

Pulse,  average  frequency  of,  at  different 
ages,  493;  variaticms  of,  with  sex  and 
posture,  493;  with  muscular  exertion, 
516;  diurnal  variation  of,  494;  respira- 
tory, 518 

Pupil,  action  of,  205,  222,  249,  330 

Purkinje,  optical  experiment  of,  348 

Pus,  production  of,  605,  606 

Pyramids,  anterior  and  posterior,  168- 
172 


Q. 


Quadrumana,  61 

Quickening,  752 

Quetelet,  M^  his  researches  on  relative 
mortality  at  different  seasons,  729;  on 
length  and  weight  of  infants  at  birth, 
770;  on  relative  viability  of  males  and 
females,  772;  on  comparative  heights 
of  males  and  females,  772 


R. 


Radiata,  17;  general  structure  of,  18-20; 
affini^  with  vegetables,  18,  19;  sym- 
metry in,  20;  reproduction  of  parts  in, 
21;  nervous  system  in,  128-131 
Raciborsky,  on  menstruation  and  concep- 
tion, 742 
Recti  muscles  of  orbit,  245,  248,  249 
Reeds,  vibrating,  laws  of,  407-409 
Rellex  action,  130, 146, 162, 173,  175 

cases  of,  in  Man,  without 

sensation,  176-180, 194 
Regeneration  of  parts,  in  lower  animals, 

21,  596 
Reid,  Dr.  J.,  his  researches  on  glosso-pha- 
ryngeal  nerve,  123,  192,  193,  228;  on 
pneumogastric,  184,  199,  230^238;  on 
laryngeal  nerves,  188;  on  spinal  acces- 
sory, 239,  240;  on  muscular  contracti- 
lity, 381-385;  on  irritability  of  heart, 
480;  on  Asphyxia,  489,  548;  on  capil- 
lary circulation,  512;  on  mucous  mem- 
branes of  uterus,  748;  on  structure  of 
placenta,  749 
Reparative  processes,  597-605;  Dr.  Ma- 
carmey's  views  of,  597,  598,  602,  603; 
union  by  first  intention,  599;  process  of 
organization  of  liquor  sanguinis,  600; 
organization  of  blood,  601;  modelling 
process,  602;  causes  favourable  to,  603; 
granulation,  604,  605. 
Repetition  of  parts,  21 
Rkproduction, 
General  account  of,  98,  99;  in  Plants, 

732;  in  Animals,  733 
History  of,  in  Male,  734-738;  sperma^ 
tic  fluid,  734;  evolution  of  sperma^ 
tozoa,  735;  power  of,  736;  coitus,  738 
History  ot,  in  Female,  739-756;  gene- 
ral account  of  ovum,  739;  first  deve- 
lopment of,  740;  maturation  of,  741; 
menstruation,  742;  coitus,  743;  escape 
of  ovum,  744;  corpus  luteum,  744; 
first  changes  in  ovum,  745,  746;  ad- 
dition of  chorion,  747;  formation  of 
decidua,  748;  formation  and  structure 
of  placenta,  749;  sound  of,  751;  in- 
crease of  tissue  of  uterus,  751;  quick- 
ening, 752;  parturition,  753;  ordinary 
duration  of  gestation,  754;  protracted 
gestation,  755;  shortest  term  of  gesta- 
tion, 756;  superfcetation,  756 
Development  of  embryo,  see  Embryo 
Reptiles,  39-43;  respiration  and  circula- 
tion in,  39,  42;  different  orders  of,  40; 
connected  with  Fishes  by  Batrachia, 
42, 43;  brain  of^  216;  blood-corpuscles 
of,  574 
Resistance,  sense  of,  308,  317 
Respiration, 
General  purposes  of,  92, 520;  necessity 
for,  521;  in  Plants,  522;  in  Inverte- 
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brata,  623;  in  lower  Vertebrata,  524; 
in  warm-blooded  Vertebrata,  525 

Structure  and  Action  of  Lungs,  525- 
532;  development  of  lungs,  526;  their 
structure  and  properties,  527;  move- 
ments concerned  in  exchange  of  air, 
528-531;  capacity  of  lungs,  532 

Chemical  phenomena,  533--537;  car- 
bonic acid  excreted,  533;  amount  of, 
534;  variations  in,  535;  oxygen  ab- 
sorbed, 533;  azote  absorbed  and  ex- 
haled, 536;  principles  governing,  537 

Efiects  on  the  blood,  538-544;  carbonic 
acid  in  venous  blood,  538-541;  exha- 
lation of,  in  hydrogen  and  azote,  539; 
comparative  analysis  of  arterial  and 
venous  blood,  540;  oxygen  in  arterial 
blood,  540;  extraction  of  gases  from 
blood,  541;  cause  of  change  of  colour, 
642;  aeration  by  general  surface,  643; 
general  conclusions,  544 

To  be  regarded  as  an  Excretion,  645; 
consequences  of  retention  of  carbonic 
acid,  546-548;  phenomena  of  As- 
phyxia, 547;  its  immediate  causes,  648 

Movements  of,  dependent  on  Nervous 
agency,  188-190;  centre  of,  in  me- 
dulla oblongata,  184;  nerves  con- 
cerned in,  184-189;  independent  of 
will  and  of  consciousness,  186;  g^uard 
to  entrances  to  lungs,  187;  influence 
of,  on  pulse,  515;  number  of,  530; 
share  of  lung^  and  air-passages  in, 
527, 5S8;  various  influences  afliecting, 
629-531 
Respiratory  circulation,  476;  peculiarity 

of,  517 
Rete  mucosum,  620 
Retina,  structure  of,  322;  the  recipient  of 

visual  impressions,  329;  inversion  of' 

pictures  upon,  336;  diminution  of  force  ! 

of  impressions  on,  345;  vanishing  of 

images  on,  347;  visual  representation 

of,  348 
Retractor  muscle  of  orbit,  245 
Rigor  mortis,  389-391 


8. 


Saccharine  principles,  431, 456,  457 

Salamander,  42 

Salivary  glands,  structure  of,  693;  secre- 
tion of,  694;  influence  of  ner\'ous  sys- 
tem on,  426;  incorporation  of,  with  food, 
432 

Sarcolemma,  367-374 

Savart,  M^  his  researches  upon  sound, 
362 

Schleiden,  his  researches  on  the  develop- 
ment of  cells  in  Plants,  556 

SchiK'ann,  his  experiments  on  muscular 
contraction,  394;  on  digestion,  461;  his 
observations  on  Animal  structures,  558 


Science,  applied  to  Medical  practice,  11 

,  connection  of  with  Art,  3-5 

Sciences,  connection  of  the  Medical,  1-lS 

Seasons,  influence  of  on  Caloriflcatioii, 
730 

Sebaceous  glands,  703 

SxcRXTio!f ,  general  nature  of,  95,  96. 64^ 
structures  adapted  for,  649;  disorders  oC 
connected  with  nutritive  processes,  7 IS; 
not  dependent  on  nervous  agency,  96, 
424;  influence  of  nervous  system  on,  SS5, 
236,  424-429 

Secretions,  amount  of,  648;  elements  aC 
pre-existing  in  the  blood,  649;  ^some 
used  in  the  system,  95;  see  Bile,  Urine, 
Milk,  dec. 

Selecting  power,  of  lacteals,  4159 

Semicircular  canals,  359 

Seminal  secretion,  700, 734;  inflneiiced  by 
state  of  feeling,  426  n 

Skits  ATiosr,  180,  302;  why  associated  with 
reflex  actions,  181,  183;  dependent  ob 
capillary  circulation,  1 18, 303;  the  guidf 
of  consensual  movements,  267 

Senaatumsy  nature  of,  289,  302;  diflerent 
kinds  of,  308, 309;  pain  or  pleasure  con- 
nected with,  305;  influence  of  habit  on, 
305-307;  special,  308;  common,  309; 
subjective  and  objective,  310;  transfer- 
ence of,  311;  influence  of  attention  on, 
313-315;  peculiarities  o^  318;  know- 
ledge gained  from,  308,  317 

Sense,  muscular,  397 

Sensibility  in  diflercnt  parts,  303, 30t,  316; 
of  muscles,  399 

Sensory  nerves,  115,  124,  302;  termina- 
tions of,  115 

tract  of  Sir  C.  Bell,  115,  169;  cun- 

nections  of,  170,  172 

Serous  membranes,  638 

Serum,  of  blood,  composition  of,  5S6;  prcw 
portion  of,  to  clot,  585;  milky,  580 

Seventh  pair,  portio  mollis  oi,  223;  portio 
dura  of,  227 

Sexual  instinct,  736,  738;  its  supposed  lo- 
cation in  the  cerebellum,  274-S78 

Siege  of  Landau,  768 

Sight,  sense  of,  see  Vision 

Single  vision  with  two  eyes,  253, 337-340 

Size,  mode  of  estimating',  342 

Skifiy  structure  of,  640;  absorbing  power 
of,  461-463,  466;  respiratory  power  of, 
543;  exhaling  apparatus  in^  701;  traD- 
spiration  from,  702;  sebaceous  ^nd  ce- 
rununous  glands  in,  703;  exudation  from, 
increased  by  heat,  731 

Sleep,  295,  296 

Sineil,  sense  of;  324,  325;  seat  of,  220, 324: 
conditions  of,  324;  acuteness  oC  in  some 
animals  and  men,  325;  modiflcations  oi. 
325 

Sneezing,  act  of,  206 

Somnambulism,  296 
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Sound,  laws  of  propagation  of,  353-365; 
successive  pulses  of,  362;  mode  of  esti- 
mating direction,  distance,  and  intensity 
of,  363;  rapidity  of  perception  of^  com- 
pared with  that  of  light,  364 

Sounds  of  heart,  484-486 

Spasmodic  diseases,  298-301 

Spencer,  Earl,  on  the  duration  of  gestation 
in  Cattle,  755 

Spermatic  fluid,  700,  734 

Spermatozoa,  734;  within  the  mammiferous 
ovum,  733;  function  of,. 733;  develop- 
ment of,  735. 

Sphinx  ligustri,  nervous  system  of,  143, 148 

Spinal  accessory  nerve,  239,  240 

^inal  Cord,  of  Vertebrata,  157, 101,  164- 
168;  its  comparative  anatomy,  164;  its 
divisions,  165;  its  connections,  166; 
functions  of  several  parts  of,  1 67;  general 
functions  of,  173-183,  294;  absence  of 
proper  sensibihty  in,  174-182;  protect- 
mg  agency  of,  204-206;  maintenance 
of  contractility  through,  208;  influence 
of,  on  heart,  209;  power  of  sustaining 
locomotive  actions,  210;  influence  of,  on 
organic  functions,  421, 422 

Spinal  nerves,  double  roots  of,  162 

Spleen,  structure  of,  708;  functions  of,  709 

Sponges,  13,  19 

Staminal  principles.  Dr.  Front's  division 
of,  431 

Stammering,  causes  of,  418;  treatment  of, 
419 

Star-fish,  structure  of,  20;  nervous  system 
of,  129 

Stearine,  composition  and  properties  of, 
618,  619 

Stereoscope,  253, 340 

Stomach,  presence  of,  characteristic  of  Ani- 
mals, 14;  state  of,  in  health,  434;  in 
disease,  435;  sense  of  hunger  referred 
to,  486;  movements  of,  4&,  441 ;  in- 
fluenced by  nerves,  200;  efiects  of  blows 
on,  386, 425 

Stomato-gastric  system,  185, 150 

Strabismus,  253 

Strangury,  300 

Strings,  vibrating,  laws  of,  405 

Strumous  diathesis,  715;  see  Tubercle 

Subjective  sensations,  810, 315 

SuperfoBtation,  766 

Suppuration,  606,  606 

Supraprenal  capsules,  710 

Symquetry,  radiate,  20;  bilateral,  27 

,  absence  of,  in  Mollusca,  24 

SympatheHe  system,  136, 137, 151, 156, 159, 
160;  influence  of,  on  movements  of  in- 1 
testinal  canal,  200, 201;  on  ureter  and  > 
muscular  coat  of  bladder,  202;  on  uterus 
and  fallopian  tubes,  203;  on  heart  and 
vessels,  209,  423;  on  ductus  choledo- 
chus,  209;  on  processes  of  organic  life, 
421-426 

78 


Sympathies,  motor,  421, 422;  organic,  425 

-429,  717 
Syncope,  210,  386 

T. 

Taliacotian  operation,  313 

Taste,  sense  of,  308,  321-323;  nerves  con- 
cerned in,  228;  conditions  of,  321;  partly 
dependent  on  smell,  322;  educability  of, 
323;  purposes  of,  322 

Teeth,  of  Mammalia,  59,  60;  development 
of,  in  human  infant,  632;  in  lower  ani- 
mals, 636;  structure  of,  633,  634;  a  test 
of  age,  632,  k,  I 

Temperature,  sense  of,  308, 310;  extremes 
of  sustainable  by  Man,  721,  722;  see 
Heat 

Tenesmus,  300 

Tetanus,  212,  298,  299 

Testis,  structure  of,  697, 698;  development 
of,  699 

Tessier's  experiments  on  duration  of  ges- 
tation, 765 

Thackrah,  Mr.,  his  observations  on  coagu- 
lation of  blood,  686 

Thaumatrope,  344 

Therapeutics,  connection  of  with  Patho- 
logy. 10 

Third  pair  of  cranial  nerves,  244, 249 

ventricle  of  Brain,  214 

Thirst,  sense  of,  439 

Thorax,  movements  of,  in  respiration,  628 
-631 

Thymus  gland,  711,712 

Thyroid  gland,  713 

Tomes,  Mr.,  his  description  of  Bone,  628, 
629 

Tone,  of  Muscular  System,  dependent  on 
Spinal  cord,  207  -    3  0  ;i  . 

Tonicity,  of  arteries,  QW 

Touch,  sense  of,  308,  316-320;  varying 
acuteness  of  in  different  parts,  3 16;  ideas 
derived  from,  317;  peculiarities  of,  318; 
improveability  o(  319;  modifications  of, 
in  different  animals,  3120;  connection  of 
with  vision,  335,  336 

Toynbee,  Mr.,  his  researches  on  non-vas- 
cular tissues,  479,  623,  625,  626 

Trifacial  nerve,  see  Fifth  Fair 

Tubercula  Quadrigemina,  see  Ckiipora 
Quadrigemina 

Tubercular  matter,  608,  609;  tendency  in 
the  system  to  deposit,  716 

Tympanum,  membrane  of,  866;  cavity  o( 
367,  358 

U. 

Umbilical  cord,  766 

vesicle,  762,  766 

Unguiculated  Mammalia,  60 

Ung:ulated  Mammalia,  69 

Urea,  composition  oi,  673 

Uric  acid,  composition  of,  674;  pathologi- 
cal changes  lo,  676 
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CMne,  nature  and  purposes  of  its  secretion,  Visible  direction,  law  oC  336 
671;  effects  of  its  retention,  671;  com-    Itnon,  sense  oC  336-348;    opQcal  cond> 
position  of,  in  health,  67S;  amount  of       tions  of,  326-330;  defective.  331:  lirni? 
urea  contained  in,  673;  uric  acid  in,  674,       of,  332,  333;  mental  condiuons  of,  dSL 


676;  lactic  acid  in,  676;  saline  com- 
pounds in,  677;  comparative  constitution 
of  urine  and  bile,  677;  amount  of  azot-  \ 
ized  matter  in,  678;  foreign  matters  con- 
tained in,  679;  transference  of  secretion, 
678 
Uterus,  changes  of,  preparatory  to  gesta- 
tion, 740;  increase  in  substance  during 


gestation,  761;  contractions  of,  bow  far  ;  Vis  ner\'osa,  126 


335,  343;  connection  of  iftnth  touch.  33i 
-336;  single,  337,  338;  apprecianon  o( 
form  by,  339,  340;  of  distance,  341:  ci 
size,  342;  persistence  of  unpressionSt 
344;  complementary  colours,  345;  wan: 
of  power  to  distingxiish  colours,  316; 
vanishing  of  images,  347;  visual  per- 
ception of  retina,  348 


dependent  on  nervous  agency,  203 


Vital  Action  involves  change.  73 

,  dependence  of  on  condiaons. 


V.  :       74 

Vagus  nerve,  see  Par  Vagum  t  Vital  Actions,  classification  of  into  Fanr- 

Valentin,  his  researches  on  Spinal  Cord,       tions,  75 
167;  on  respiratory  nerves,  180;  on  the  '  Vital ization, 560;  incipient  in  chyle,  86;  la 
Sympathetic,  200,  202,  203,  212;  on  ol-       blood,  583;  in  liquor  san^uini$.  562 
factory  nerve,  222;  on  Portio  Dura,  227;  '■  Vitalit>'  of  general  sysieni.  destroyed  by 
on  Spinal  Accessory,  239;  on  H}'poglos-  j      sudden  shock,  386,  387.  5i!i3 
sal,  241;  on  nerves  and  motions  of  eye-  •  Vital  properties,  596;  retention  of.  83 
ball,  249-251,  255;  on  quantity  of  blood  '•  Vitreous  humour,  626 
in  system, 581;  on  circulation  in  nerve-:  Voice,  401-412;  conformation  of  larrni. 


tubes,  642 
Valves  of  heart,  action  of;  487-489;  sounds 

produced  by,  484-486 
Vapour,  exhalation  of  from  lungs,  549 
Varicose  nerve-tubes,  110 
Vascular  area,  763 
plants,  88 


402-405;  sounds  resembling,  produced 
by  strings,  405;  by  flute-pipes,  406;  br 
reeds,  407;  action  of  chordae  vocales. 
408;  artificial  larynx,  408;  pitch,  her 
regulated,  409;  falsetto  notes,  how  pnv 
duced,  410;  influence  of  air-passage 
on,  412;  movements  concerned  in,  hov 
directed,  412 


Vegetable  proximate  principles,  454 

Vegetablet,  distinguished  from  animals,  13  '  Voluntary  actions, distinguished  from  aauv 
-16;   food  of,  14;  movements  of,  13;:      malic,  285;  oriijinaie  in  cerebrum,  2S* 
early  development  of,  16;  formation  of  Vomiting,  301 
cells  in,  655-557;  general  functions  of,  ■  Vowel-sounds,  414-416 
76;  division  of,  into  cellular  and  vascu- 
lar, 88;  circulation  in,  496, 497;  respira-  W. 
lion  in,  522;  reproduction  in,  732               Warner,  his  accouni  of  development  oi 

Veing,  distribution  of,  514;  movement  of       Spermatozoa,  735 
blood  in,  615,  516;  absorbent  power  of,    Wasmann,  his  researches  on  pepsin.  45i 
459,  460,  463, 466  .  Whale,  Spermaceti,  peculiar  sensibilirv  oi, 

Ventricles  of  heart,  contraction  of,  480,       3i0 
481-486;   force  of,  487;  thickness  of,   Wlieaisione,  Prof.,  his  Stereoscope,  253, 
488;  capacit)'  of,  490  340 

Ventricles  of  brain,  third,  214;  fourth,  216    White  globules  of  blood,  579 

Vertebra,  32;  origin  of,  760  White  matter  of  nenous  system.  110,  531 

Vertebral  columns  in  Fishes,  33  Williams,  Dr.,  on  contraciilitv  of  bronchi. 

Vertebrata,  17,  31-36;  skeleton  of,  31-33;        527 
extremities  of,  33 ;    predominance    of  Willis,  Mr.,  his  researches  on  the  Voice, 
nervous  system  in,  31,  34;   organs  of       408 

animal  and  vegetative  life  in,  36;  symme-  Wings  of  Insects,  interlacement  of  nerves 
try  in,  36;  intelligence  of,  34;  nervous  '  supplvmg,  1 13.  147;  rapidirv  of  motion 
system  of,  17  et  xq.  of.  39*7 

Vesicles  of  Brain  in  Embryo,  214  Y. 

Viability  of  Infant,  earliest  perio^^f,  755    Younc:  animals,  low  calorifnng  power  of. 

\  illi  of  mucous  membrane,  458  7'-2«:  ii  . .      -     - 


Visceral  system  of  nerves,  156,  159,  160; 

see  Sympathetic 
Visceral  archesJZ60 


influence  of  cold  upon,  729 


Zona  pcUucida,  739 


Z. 
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MID\VTFEHY  ILLUSTRATED. 

THE  PRINCIPLES  AND  PRACTICE  OF  OBSTETRIC  MEDICINE  AND 
SURGERY,  IN  REFERENCE  TO  THE  PROCESS  OF  PARTURITION; 
ILLUSTRATED  BY  ONE  HUNDRED  AND  FORTY-TWO  FIGURES.  BY 
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DUNGLISON'S  PRACTICE  OF  MEDICINE. 
THE  PRACTICE  OP  MEDICINE;  OR  A  TREATISE  ON  SPECIAL 
PATHOLOGY  AND  THERAPEUTICS;  BY  ROBLEV  DUNGLISON,  M.D., 
ProreEBor  of  the  loalitulee  of  Medicine,  &e.,  in  the  Jefferson  Medical  College,  Pbila- 
delphia;  Lecturer  on  Clinical  Medicine,  and  attending  Physician  at  the  Philadelphia 
HoepiUt,  &c.;  cantninine-,  the  Diseases  of  the  Alimentary  Canal — the  DiscaEes  ofthe 
Circulatary  Apparatus — Diseasea  of  the  Glandular  Ots^DB — Diwaaea  of  the  Orcans 
of  the  Seneea — Diseaets  of  the  Respiialory  Orgnns — Diaeasi'H  of  the  Glandiftrm  Gan- 
glions— DiseaeFsof  the  Nervoua  Syelem — Die^ases  of  the  Organs  of  Reproduction — 
DiMBBes  involving  varioui  Organs,  Sid.,  &&     In  two  volume*,  octava 

Hmafihe  Htimait  OrimntHn.  wliich  ■bull  toiDptiH  tbe  Symplocni,  Cauan,  ^^bottlct  and 'HvalniBiit, 
In  Bucb  Ibm  ai  tu  br  earf  at  Ttfanaee,  and  a  iniHlwDrltiy  giiiiib  in  priclicv.    11  conuiDi  ddI  ouly  Lba 

ANATOMY -SPECmrAND  GENERAL. 
A  TREATISE  ON  SPECIAL  AND  GENERAL  ANATOMY.  BY  W.  E.  HOR- 
NER. U.  D.,  Profefsor  of  Anatomy  in  the  University  of  Pennsylrania,  &c.  &c.    Fifth 
edition,  revised  and  much  improved.     In  two  volumes  octttvo.     This  work  is  exlen- 
Hvel;  used  as  a  text-book  throughout  the  Union. 


I 


LEA    ^    BLANCHARP'3    P  UBHC  ATI  O.NS.  || 
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....  „rMngca  and   ^ited  by  ALEXANDER  T\VE^E,  ILD, 
SLc'kc     The  whole  revisod,  with  Nolei  sod  Add.lMMj  bj  Yl,  W. 


Blc,  &c  The  wnoie  revisca,  wiui  n. —  -- 
M  D.,  Lecturer  on  Clinical  Medicine  lo  the  Uni . 
American  Edition,  now  complete  in  Three  large 
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DISEASES  OF  CHILDREN. 

A  TREATISE  ON  THE  PHYSICAL  AND  MEDICAL  TRRVITICff* 
CHILDREN,  BY  WILLIAM  P.  DEWEES,  M.D..  late  ProAMMor  frf  M**r* 
.u.  IT.: :—  „r  D — .„i...r.:.   A^.  jcc.     The  Eiglilti  Bdilioa,  UwuM  if  *  •" 


nt  ttMoved  nHlbcidi  efMnri 
irJ«p«  10  IbcMe  DtiJ#cU  of  fiiir 


ieti*ne  of  cMMMa.^<k*a«^ 

Ik  naiAiB  owtB  fut  ihia  ■■fmh-  m  Um  M^^>n 
"tllilf  fclte.  rt«n  ta  fetJC3!A><  M.*-*-** 

ABtcaJliTf  aiidhiufiVBa.  if  to  *hb  iBtka* 


I.    Pttruciuu  cuunl  iw  > 


A  NEW  WORK,— DtTNGLISON'S 
THERAPEUTICS  AND  MATERIA    MEDICA. 
GENERAL  THERAPEUTICS  AND  MATERIA  MEDICA.  ADAPTED  I 
A  MEDICAL  TEXT-BOOK,  BY  ROBLEY  DUNGLliSON.  MJ>-,  Pnfc- 
Inalitutea  of  Uedicloe,  &c^  in  2  vols.  8vo. — Jtal  ready. 

im  a€  rk*  mrt  oa  GbmhI  Tliffaimiila.  **iog  '^"^  **  fcy  O—  gaMMtwa.fcJ 

■r>  undiud  In  rb*  MhHciI  ftJunh.    ^ttm  aiiU* 

»«hl  tb>  Mvdkal  Btadeaiin  ■c^m'i'MtllK  n^"  i—»i**tm-a^n 

aaua^Vitaife  ivUtii  M(Ellii  k>  ia  Ibe  1mb«  of  «nrr  fraailinngr  aa  a  gmt* 


ovtar  or  itek  aacacT  ai  Thcnpmikal  at*Ma. 

DEWEES"  MIDWIFERY. 

A  COMPENDIOUS  SYSTEM  OP  MtDWIFERV.  ^hieBj  A 
the  inquiriea  of  Iboae  who  may  be  pnnaine  ihia  branch  of  Mud^. 
■innal  casM,  wiifa  nwo*  pUtn.     Tbe  tsnth  editinti,  with  adriitiiMM 
by  W.  P.  DEWEES.  M.  D.,  Ute  Ptofcsot  of  Midwifery  m  tbe  1 
•jlvania,  in  one  ralume  6va 


LEA    &    BLANCHARD'a   PUBLICATIONS. 
A  NEW  WORK  ON  ANATOMY, 

WITH    ONE    HITNDBED    AND    SEVENTY    ILLUHTRATIOA 

A  SYSTEM  OP  HUMAN  ANATOMY,  GENERAL  AND  SPECrAL,  BY 
ERASMUS  WILSON,  M.D.,  Ueliirer  nn  Analomy,  London.  The  American  edi- 
tion, edited  by  P*di;  B,  GonoAND,  A.M.,  M.D.,  Demonstrator  of  AnBtomy  in  the  Uui- 
versily  of  Pennsyivania,  &c. ;  with  one  hundred  inc!  eevenlf  itluttrationa  on  wood,  by 
Gilbert,  froin  deeif^nH  prepsred  expressly  tbr  this  work,  b;  Bagg,  printed  from  the 
second  Londoa  edition,  in  1  vol.  Bvo. — JumI  reaii/. 

"  Ab  tlMmiit  adilian  at  on*  or  Uw  miial  hhAiI  ■■d  uoinU  Byttmt  ot 
i«  been  tmuti  IVam  (Im  fnm.    Tba  lllailnillaiM  irs  niallrbFMIifiil.ini 
ilItMM  cmlil  on  Iha  Bble  Anariun  ■nlil  wbo  hwIeiI  Ibem  for  Ihii  idillaB  ( 
Nft  ft  aOtmiiSr  ubcIh  Mnt  liiMUiillila,    Dr-OodlBn; 
udetaneliiiliolauialunKaBBcirDmK    No  ob*  ci 
tnaeli  wiib  ib>  fivii  bcinty  af  iu  mnbiBiul  eueulio 

iMin.  iicrnrc  itirj  purchoH  a  Mii-lioak  of  (Im  vIiBlIf  J 


L  pcwlbljr  Mka  Bp  Ihii  volani 


HOPE  ON  THE  HEART— WITH  PLATES. 

A  TREATISE  ON  THE  DISEASES  OF  THE  HEART  AND  GREAT  VES- 
SKLS.  AND  ON  THE  AFFECTIONS  WHICH  MAY  BE  MISTAKEN  FOR 
THEM,  COMPRISING  THE  AUTHOR'S  VIEW  OF  THE  PHYSIOLOGY 
OP  THE  HEART'S  ACTION  AND  SOUNDS.  AS  DEMONSTRATED  BY 
HIS  EXPERIMENTS  ON  THE  MOTIONS  AND  SOUNDS  IN  1830,  AND 
ON  THE  SOUNDS  IN  1634-5.  BY  J.  HOPE,  M.D..  F.R.S.,  of  Si.  George's 
Hwpitali  formerly  Senior  Physiciin  to  the  Mnrylebone  Inflrmary;  ELclraordinar; 
Membt-r,  and  formerly  President,  of  llio  Rnyal  Modicol  Society  of  Edinburgh,  Ac. 
FirBt  American  from  the  Third  London  Edition,  with  Natr>s  and  a  detail  ofreceDt 
Experiment,  hv  C.  W.  Pehrock,  M.D.,  Attending  Physician  to  the  Philndclpbia 
Hospital,  Blockley.    In  1  vol.  6vo. 

"  The  idiHion  al  one-lhlrf  of  otw  imller  tn  iba  prcwni  lolqino.  Bnd  llie  ore 
hu  b«n  rrtiied  ind  cDrrecMil.  wtll.  [  [ruat,  nfflFianllr  pron  my  Ki 


MEDICAL  REMEDIES. 

NEW  REMEDIEa  THE  METHOD  OP  PREPARING  AND  ADMINIS- 
TERING THEM;  THEIR  EFTOCTS  UPON  THE  HEALTH  AND  DISEASED 
ECONOMY,  Sic.  &.C.,  BY  PROFESSOR  ROBLEY  DUNGLISON.  Fourth  edi. 
lion,  brought  up  to  1843.     In  one  vol 

..111  ken  nwlvDd  ngw  applkiiiicHia,  man  ot  iltma  ub  la  Uu  (CB*nJ  inirjti  OB  HbictJi  "——  - 
IlKir  prnpwtiH  ire  only  krteAr  rpfcmd  lo.    In  Ititr  woiK.  Um  eiporiincB  of  iiuliiNiuBk  li 
■Inn.  Hilh  nfercHH  u>  Ibe  original  (ia|Kr>.    Under  ludine.  (br  niampla.  all  Iha  Inftinnilk  .    .. 
Miiiiul  anil  ibrfapeutical— Bp  lo  Uic  lima  of  the  putHleailDn  of  Iha  work,  !•  aSbrded.  wllh  the  pr 
II  hKTfl  barn  piapoM  by  varlfni*  Dbferven ;  each  lucniflLVa  adllion  bM  Inrorpofated  wllb 


MIDWIFERY  WITH  CUTS,  A  LATE  WORK. 

A  SYSTEM  OF  MIDWIFERY.  WITH  NUMEROUS  WOOD  CUTS,  BY 
EDWARD  RIGBY.  M.D.,  Physician  to  the  Gonernl  Lying-in  Hwpilal,  I^ciorpr  on 
Midwifery  at  SL  Bartholomew's  Hospital,  &c„  with  notes  and  additional  IllnatraliDns. 
by  an  American  Practitioner.     In  one  volume. 

Till  IDIF  PrnfEvnr  Dcwgei.  lull  fbiw  hand!  lh)svol:uni«  wai  ptacnla  f^*  wri^ki  beA^reMidca 
reliirnln;  il,  ripreaaol  the  matx  hTnurobla  opinion  of  iu  mFriU.    Ilia  )ud|n»nl  of  lucli  lilEli  xKl 


LEA.    &.    BLANCHARP'8    PUBLICATIONS. 

DISEASES  OF  FEMALES,  PREGNANCY  AND  CHILDBED. 

THE  PRINCIPAL  DISEASES  OP  FEMALES,  TOGETHER  WITH  THR 
DISEASES  INCIDENT  TO  PREGNANCY  AND  CHILDBED,  CHIEFLY  FUB 
THE  USE  OP  STUDENTS,  BV  FLEETWOOD  CHURCHILL,  M.D.,  LM-turer 
M id w ifcT<f  and  DiseiBea  of  Women  Bnd  Children,  in  the  Richmond  Hospiiil,  School 
orMedicine.Jcc.&c.,  with  Notes  snd  Additions  by  R.  M.  HcsTx>n,  M.D.,  Prof'-scor,  &c 
in  the  JefTersoo  Modicsl  College.  Second  American  Exiition,  in  1  vol.  6va. — Jiat  rtaJy. 

DUNGLISON'S  PHYSIOLOGY -WITH  ILLUSTRATIONS. 

HUMAN  PHYSIOLOGY.  ILLUSTRATED  WITH  OVER  TWO  HUNDRED 
ENGRAVINGS  ON  WOOD;  BY  PROFESSOR  ROBLEY  DUNGLISON;  the 
fourlit  editioa  witli  numerous  Bdditioaa  and  modiiicatians,  in  2  voie.  8vo> 

lied  bv  hHlthy  mmi.    tl  >mhHC«*a(cnet«l  aniMftiu 
<et"n  ">  "M  fotrnwlon  of  iIm  iloun ;  but  ia  »pi — "- 

ni :  mil  i*  lartely  iltiiiinird  1^  ntiprnpriatt  tnrn 


of  l*"*''^-  tiyti""*"^  ihnr.peur 


THE  DISEASES  OF  THE  EYE. 

A  TREATISE  ON  THE  DISEASES  OP  THE  EYE,  BY  W.  LAWRENCE. 

Surgeon  Extraordinary  to  the  Queen,  &c.,  from  the  last  London  Edition,  with  on  mi 

additions,  and  BiKty.seven  Illustrations,  many  of  which  are  Trom  original  draw... 

By  Isajic  Hats,  M.D.,  Surgeon  to  the  Wills  Hospital,  Sic,  &c^  in  1  voL  8ro^ 

JuMt  ready. 

■  r.hiirarwr  of  lhi>  work  it  loo  w*Il  eiuWifhtd  lo  requir*  ■  woni  of  Hiiriwnrlulon— [|  b 
irnni  the  bnl  on  Ihe  •iibjml.    Tho  prHtnl  it  a  repriol  of  Ihc  tol  Lomlnn  Edldon,  whicJl  ■pDnnil 
ll.nnnplflolyfuriMi)  and  p-emly  enlinpil  By  ihe  •ulhor-«ad  Ui  ii  coMiilenlihi  Millitoiii  ■■-  — 


lo  llw  auliiiicl. 


■o  wbieli  I*  addad  lbs  rdiior^  gi 


THE  URINARY  ORGANS,  8tc 

LECTURES  ON  THE  DISEASES  OF  THR  URINARY  ORGANS.  BY  SIR 
RC.BRODlE,BART.  F.RLS.  From  the  Third  London  Edition,  with  alteralim 
and  ailditioDs,  a  smnll  8vo.  volume. — iVoio  ready. 

Tlie  wnrk  li»  ihroughoul  b«n  entirely  reKl«d,  inxnt  of  the  aolhDr'i  Hen  him 
ennsidenble  prnpotUon  of  new  niBltei  lui  been  ailded,  ainaiif  wbich  u  i  Lcelur 

RICORD  ON  VENEREAL. 

A  PRACTICAL  TREATISE  ON  VENEREAL  DISEASES;  OH,  CRITICAL 
AND  EXPERIMENTAL  RESEARCHES  ON  INOCULATION.  APPLIED  TO 
THE  STUDY  OF  THESE  AFFECTIONS;  WITH  A  THRRAPEUTKHL 
SUMMARY  AND  SPECIAL  FORMULARY.  BY  PH.  RICORD.  H.D.Sureeon 

of  the  Venereal  Hocpital  of  Paris,  Clinical  Professor  of  Special  Pathology.  4^. 
Translatetl  from  the  Ffench,  by  Henry  Pilkinglon  Drummond,  M.D.,  in  one  volume. 
— Note  ready. 

LAWRENCE    ON    RUPTURES. 
A  TREATISE  ON  RUPTURES,  BV  W.  LAWRENCE.  P.R,S..  Atitbof  of  » 
Treatise  on  the  Dieesitcs  of  the  Eve.  &C,  *,c.,  from  the  Fifth  London  EJition.  cooii- 
derably  enlarged.    In  1  vol.  8to.— iVow  reoriy 

The  pwuliar  advaBiiiee  of  tile  irpailR  gf  Mr.  Laivrene.  it,  ihat  1w  (iplaioi  hit  viowa  an  Ihe  antinar 
i)f  li-mii._»Bdllf  diahfpBt  vart»Il»«ori(iedl« ' ,,.-^  A.... —  .._..-  .  •"'.  "":'. 


LEA    &    BLANCHARD'S    PUBLICATIONS. 

MEDICAL  LEXICON,  BROUGHT  UP  TO  1842. 

ANEW  DICTIONARY  OF  MEDICAL  SCIENCE;  Conlaining  a  ranciae 
account  oF  the  varioun  Subjecta  sni)  Terms,  witli  the  Frenah  and  other  Sj nonymea,  iih) 
FnriiiulR  iiir  varliiuH  ORicinal  nnil  Empirical  Preparslians,  Siti.  Third  Edition,  broneht 
up  Id  1842.  BY  ROBLEY  DUNGLllSON,  M.D.,  Proressor  in  the  JefierKin  Uediul 
Collef^e,  Slc.     In  One  Valume,  rojal  6vo. 

J  wriw  uimble  to  mwl  wUh  infbrmiition  nii  Dmiieroiii  tn|iia  cif  Fi^liBioniil  Inquiry.— capMi.Uy  nf 
cm  InuoductloB,— tn  the  nalitaJ  dtctinniiHEa  ii«x>»IIiIb  Id  ibtm. 

Ii  ram)'.  IndHd.  bgcnrtvctlT  KAruwil,  thcl  w>  hiTs  railicltaiian"if  neilical  iiibjccu  ini]  lemi  wllicll 
I  H  loalwil  DpDn  uidipted  Iniho  iius  of  the  Kinnea.  InprnnrariliiillHaiilhor  iiecd  bul  to  renMrli. 
il  M  Nu  foaad  oceulan  u>  aiU  imnl  ilHiinnd  M«ilkal  I'lmi,  which  an  not  lo  be  met  Hith  in  tk* 

'  'ni*  prcaiat  kHUob  nill  ta  Ibiind  ut  coniala  uany  bunilinl  Tunnt  tnot*  than  Ibc  flni,  and  (o  han 


Tllii  nrw  EKIIino  Inctudn.  In  thr  Inly 


orihc  Voluina.  dndfii 


PEREIRA'S  MATERIA  MEDICA, 

EDITED  BY  DK.  CABBON.  WITH  \EAR  THREE  HUNDRED  ENGKAVINGS  OV  WOOD. 

ELEMENTS  OF  MATERIA  MEDICA  AND  THERAPEUTICS;  COMPRE- 
RENDING  THE  NATURAL  HISTORY,  PREPARATION,  PROPERTIES. 
COMPOSITION,  EFFECTS,  AND  USES  OF  MEDICINES,  BY  JONATHAN 
PEREIRA,  M.D.,  F.R.S.,  Assistant  Pliy,!ician  to  the  London  Hospital,  Sic 

Pan  I,  coninlni  iha  fiaiuml  Anion  and  ClwaiSulkcHi  of  Medidnoi,  niut  tba  MiiHsnl  Mataiia  Kadiea. 
Pan  II.  ilH  VcfcialilB  unit  Anin»i  KJnuiJaini.  and  lociiKlIni  dlggrstni  ciplanaloiT  of  the  Fmxaaea  of 
IM  Phlmaeopslai.aTakiilar  view  of  the  Hlxnrr  of  llw  Malaria  MHfka.lVaia  tha  eaHJan  Ilins  tn  IlM 
pnamil  dar,  and  a  my  OD|iiau>  inia.  Pron  iJie  Bteand  Lonton  Edlllnn.  which  baa  keen  IhonMifhlr 
— '--'  wTib  the  Intmltietlon  or  Uh  Pro of  Uw  Krur  Edinhnqh  FhanMcopaia,  and  enniainlnf 


-...  CllBiaia,  and  nan. 

pkjr.BMn  andOrfanitalioaartha  PlKulaanrCaininBm.aiHl  Iht  Natural  Uiituiy  of  Ihi 
Ith  Dhhicl  of  Uw  author  hu  iMrn  id  lupiity  Iha  Medical  Hudanl  wilb  aClao  Soak  an 
cDMainiBf •ftlllrfblouf        '  "■   "    "    ...... 

nia  anal  UKirt  or  Cfcltpi4i»  tf  JlfiicHi  MtJict  hu  bMn  fVIIf  Trritri.  the  rrron  carmted,  and 
tMBMiviii  KiUiliniM  midt,  kj  DR.  JOSEPH  CARSON.  ProfrsMir  of  Matrrla  Mtdica  and  Pliarmicr  In 
InfCollne  of  Fhannocj."  >nd  fiirnii  TwoVolmnM,  otiivn.  of  near  160D  lat»B  and  cliwlr.|Hinled 

u^dDM,  IVill  tslbtrncet  to  thii  ll!^ B.  Ptianna«iHB  and  (a  aciaunt  af  Ihc  Hsdicinil  planta  ladl|» 

PRINCIPLES  AND  PRACTICE  OF  SURGERY,  WITH  CUTS. 
THE  PRINCIPLES  AND  PRACTICE  OF  MODERN  SORCERY,  BY  RO- 
BERT DRUITT.  From  the  Second  lanJon  Edition,  lUusLraled  with  fifiy  wood  en- 
gravings, with  notes  and  comments  by  JosavA  B.  FLijfr,  M.D.,  in  one  volume  8vo.,  at 
a  low  price. 

lndi(R!Wn™nr™  mnn  nf  eonvtnlMwe,  hut  tl  mhl  }?  •'"'^  '"  JJ^'^'l'iiSti''^  "|um'iB'»ilHt  will 
bawaTbcat  Bwtwiahia  rmraittiM  ininihuirinctpi™  of  hhpmfttaiiin. ,    ,. 

'■  Of  lh»  It*  pana  miB  which  II  It  iBvWrt.  iM  Ihal  two  an  mnn  nmlally  drnn»d  la  the  |ir(nd|ilH( 
and  Ih..  thni*  nihrn  lo  Ihaprartlce  .ifwletT.  TJw  tm  part  1M*I>  at  lb-  diiturtanw.  "f  Ihe  mbkiHu. 
"» at  laVi^ihaiwiaT l->  pwdncrt  hr  inj.ry  or  tflaaan  oTa  |iarlT  bcfianinc  -i.a if  ^-td*  (Watnaai 
tirriillhii"-  lhnlfhl1i>w*a  hlnw.Bnilnmciindlnc  inconildrrlliii  rnr»eI1«  af  t)>v 

"Ti.i:  FiTond  nuntcRtlM  whai  iDavlipailliill  Iha  fIviMniB  nflneal  ■»■_- .  ...- ,. 

n)nii>ii<  ri.AoiHf  DrRraitura  or  ninrttnn.whMi  *iB  pndacad  aliha  lunwdUMIj' hy  ■ilarnalcauKa.t 
.rrmi.inriiv.  il>»ofh>oBml»*i»llonlhwiheallh,»e.  ,      .     .     ,         ,....,,_,        , 

"Til'  iliiiiliian  iiHiaof  llHVarlAUf  Mnrit  nf  fnjnrln.heirianlna  *lih  lh»  <iinp1»t  niirl 
rir-n:  ihi:ii  proHtdlni  la  iha  rflaeta  of  dxmical  afeuli.  and  lull)',  conridiirlnc  the  efflici 
""■■'■nw'fnurlh  Jiart  Mnridon  IhP  v»rinnHi»oei.  ergant.  and  wjtnni  of  Ihe  body  in  orrttr,  > 

"^  5C  onh^S'M  ^riJi^'CA  Jf'rh"n5J*.ii-'''''  V  "T ""'  'E5'""'r'  t  '?'/''™.tT,'.h- 

"T»th«»l>«l««anpe»led»eolteeiloB  of  tbtraulr.  Iha  number  ofwhiohie  rctj  much 
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^ ^__^ PDBLI  CATIONS. 

FEVERS  OF  THE  UNITED    STATES. 
THE  HISTORY,  DIAGNOSIS   AND  TREATMRNT  OF  TYPHOID  1 
TYPHUS   FEVER.  WITH  AN  ESSAY  ON  THE  DIAGNOSIS  Of  KVf: 
REMITTENT  AND  OF  YELLOW  FEVER,  BV  ELISHA  BARTLETT.l 

Proreasnr  of  the  Thenry  and  Practice  of  Medicine  in  ihe  TransylTxaia  t^na 
In  one  volume  Bvo;  a  new  work. 

Nnlks  Ml  Blni.ily  bwn  rveii  of  ihe  upwirmnee  nfiliif  work  :  m  hare  btcnav  iwufcl  ■*■■■ 
rSaof 'pr»clll'onen^-««lm  Mciical  mi  SMrgiit'l  Jnniai.  ""*      '"* 

MULLER'S   PHYSIOLOGY. 

ELEMENTS  OF  PHYSIOLOGY;  BY  J.  MOLLER.  M.D„  Pnftmmd, 

iamy  snd  Pliyf.i«to|ry  in  thu  UniverGity  of  Borlin,  &c  TraiwlBled  tnm  IkCi 
by  Wn-LiAM  Balt,  M.D.,  Graduate  in  Medicine  of  the  Uoivernty  of  Bttik, 
ranfred  from  the  Second  London  Edition  by  John  Bblu  M.D..  Lf^lnrer  <■  Ml 
Medics  and  TherepeutiCB,  &c.,  &c.     In  One  Volume,  8*0. — JumI  readf. 

In  imniiDE  llw  Volume  noir  oPhrrd  id  Arnnkin  raidrn.  fton  iIk  nutrrtsi*  '  -  '  til  M  M 
EuMMn  or  PuTnoLaaT.lheBdilortiuendeiTaunillDiiraoiinnduIiin  Id  ■!■.  iif  mi>— . 
0111  any  ubiirieifan  of  IK  Tiuliiy  hhI  mind.    Wtib  Uila  vinr  be  hiH^auMai,  *■,  iw  _>  __ 

Im  unrfa*  Ih*  hABrf  Af  LvrmnlioD,  KB — "" "*   "'"  "" — ' '  — 
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ind  Uw  tlHoriBi  of  anne  uadar  •nica  aM  kwHta 

IrallT*  pkjitalnrr.  Bad  Be * .—i^^ 
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[icHMeiiiriul  OtaHrnliinu,  audi  jp  )!■  ntv  khhb 
Tbu  UM  and  UiHi  apiiHTid,  in  ilw  ^^ 


deMIK  any  dUhc  wi 


ELEMENTS  OF  PHYSICS— WTTH  WOOD-CUTS. 

ELEMENTS  OF  PHYSICS,  OR  NATURAL  PHILOSOPHY.  GEKl 

AND  MEDICAI.    A  New  Edition,  complete  in  One  Volume,  wnUen  *»■»> 

uee,  in  plain  nnd  non-lcchnical  lang'uage,  ond  contsinin?  New  DisquiaitM^  mi  I 
tical  Sup-geslions;  comprispd  In  Five  Ports:  1.  Somatoto^,  Stslica  Hiirf  Dtm 
2.  Meclianica.  3.  Pneumatics,  Hydrnnlica  and  Acoustico.  4.  HeM  aM  I 
5.  Animal  and  Medical  Physics.  By  NEIL  ARNOTT.  M.D..  of  (be  R^  O 
of  Physicians.     A  New  Edition,  revised  and  corrected  from  the  lul  E(wl4  B 


with  additions  by  Isaac  Havs,  M.D.,  and 


Wood-cuta. 


PRACTICAL  MINERjVLOGY  AND  GEOLOGY— WITH  CI 

A  TEXT.BOOK  OP  GEOLOGY  AND  MINERALOGV,  WITH  INfftl 
TTONS  FOB  THE  QUALITATIVE  ANALYSIS  OF  MINEIL^IA 
JOSHUA  TRIMMER,  F.G.S.,  with  Two  Hundred  and  Twelve  W 
liandHimc  Octavo  VoTiime,  tnund  in  embossed  cloth. 

Tj"''  '■  ■  8y«*nnlic  Inirodgfilnn  In  Mineralogy  and  GMlogy. a.tinlrkhlr  calnlated 


ELLIS'S  MEDICAL  FORMULARY  IMPROVED. 

THE  MEDICAL  FORMULARY  OP  DR.  ELLIS;  beinir  «  COLI^BfT 
OP  PRESCRIPTIONS,  derived  from  ihe  Wriiings  and  Praeiic«  of  omu*  of  thai 
emmpnl  Physicians  in  America  and  Europe.  To  which  is  addei)  an  Appeadxfc 
taininc  the  UfUal  Dietetic  Preparations  and  Anlidtitca  fiir  Poimni  ;   Um  WMtTll 

panied  with  a  few  brief  Phpirmacpntic  and  Medical  Obivrvatkin*,      ~ '^^^ 

ELLIS,  M.D.     The  Sixth    I'^itiun,  completely  revised,  with   n 
ModificBtions,  and  bmuElit  up  lo  Ihe  prefent  improved  stare  of  tha  8 
GiwRoE  MoRTon,  M.D.,  Professor  in  the  Penniylvanla  Culleca  o 
In  One  Ocuvo  Volume. 


LEA    &    BLANCHARD'S    PUBLICATIONS. 

PRINCIPLES  OF  MEDICINE. 

THE  FIRST  PRINCIPLES  OF  MEDICINE,  BY  ARCHIBALD  BILLING, 
M.D.,  A.M.,  Member  of  the  Senate  of  tht;  University  of  Loiidon,  Ft^llow  orihe  Roynl 
CoWeae  of  PhysicianB,  ic,  &c.  Id  One  Volume,  Sva.  First  Americnn  from  the 
Fourlh  Lornkm  Edition. 
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A  TREATISE  ON  FEVER.  By  Souihwood  Smith,  M.D.,  Phyaiciui  lo  the  Lon- 
don Pevet  Hospital,  fourlli  American  edition.     In  one  volume  octavo. 

COATES'S  POPULAR  MEDICINE,  OE  FAMILY  ADVISER,  consisting  of 
Outlines  of  Anatomy,  Physiology,  nnd  Hygiene,  with  such  Hints  on  the  Practice  of 
Physic,  Surgery,  and  the  Diseases  of  Women  and  Children,  aa  may  prove  useful  in 
families  when  regular  Physicians  cannot  be  procured :  being  a  Companion  and  Guide 
for  mteliigent  Ptmcipala  of  Manufactories,  Plantations,  and  Boarding  Schools;  Hcsds 
of  Families,  Masters  of  VesBelo,  M issionaiien,  or  Traveller!;  and  M  useful  Sketch  ibr 
Young  men  about  commencing'  the  Study  of  Medicine.     By  Reynell  Coatee,  H.D. 

This  work  ia  designed  to  supply  the  pkcc  of  Ewells'  Aledical  Companion,  which  Is 
now  entirely  out  of  pnnL 

OUTLINES  OF  A  COURSE  OF  LECTURES  ON  MEDICAL  JURISPRU- 
DENCB.    By  Thomas  Stewart  Traill,  M.D.,  with  notes  andadditions.  A  small  volume. 

A  PRACTICAL  TREATISE  ON  MEDICAL  JURISPRUDENCE,  with  so 
much  of  Anatomy,  Physiology.  Pathology,  and  the  Practice  of  Medicme  and  Surgery, 
as  are  Essentiel  to  bo  known  by  Members  of  Ihe  Bar  and  Private  Gentlemen ;  and  all 
the  Laws  relating  to  Medical  Practitioners ;  with  Explanntorj  Plates.  By  J.  Chilly, 
Eso.,  second  American  edition,  with  notes  and  additions  adapted  to  Amencaa  Works 
and  Judicial  Decisions.     In  One  Volume  Octavo. 

A  TREATISE  ON  PULMONARY  CONSUMPTION,  comprehending  an  In- 
quiry into  the  Nature,  Causes,  Prevention  and  Treatment  of  Tuberculous  and  Scro- 
futaus  Diseases  in  General,     By  James  Clark,  M.D.,  F.R.S. 

A  PRACTICAL  TREATISE  ON  THE  HUMAN  TEETH,  showing  the  oaoses 
of  their  de^iruction  and  the  means  of  their  preservation,  by  William  Robertson.  With 
plates.     First  American  iVom  the  second  I/indon  Edition.     In  one  volume  octavo. 

ANATOMY,  PHYSIOLOGY,  AND  DISEASES  OF  THE  TEETH.  By 
Tlwaias  Bell,  P.R.S.,  F,L.S.,  &e.  Third  American  edition.  In  one  volume  octavo, 
with  numerous  plates. 

DISSERTATIONS  ON  NERVOUS  DISEASES,  By  Ore.  James  Hope,  J.  C. 
Prichard,  John  Hughes  Bennett,  Robert  H.  Taylor  and  Theophilus  Thomson,  la  one 
volume  octavo. 

DISSERTATIONS  ON  DISEASES  OF  THE  ORGANS  OF  RESPIRATION. 
By  Dr».  Willmms,  Theophilus  Thomson,  W,  B.  Carpenter,  and  W,  Bruce  Joy.  In 
one  volume  nclava 

DISSERTATIONS  ON  FEVERS,  GENERAL  PATHOLOGY.  INFLAMMAr 
TION,  AND  DISEASES  OF  THE  SKIN.  By  Drs.  Sjmonds,  Allison,  Chrietieon, 
ILc  &c.     In  one  volume  octavo. 

DISSERTATIONS  ON  DISEASES  OF  THE  DIGESTIVE,  URINARY  AND 
UTERINE  ORGANS.  By  Drs.  Joy.  Symonds.  Thomson,  Ferguson,  4tc.  &c  la 
one  volume  octavo. 

DISSERTATIONS  ON  H-EMORRHAGES,  DROPSY.  RHEUMATISM. 
GOUT,  SCROFULA,  &.c  Sia.  By  Drs.  Burrows,  Watson,  Sh»pter,  Joy,  iic.  fltc 
In  cue  volume  octavo. 

The  above  five  volumes  are  from  the  Library  of  Practical  Medicine,  edited  by  Dr. 
Tweedic.  with  notea  by  Dr.  Gerhard.  Each  volume  ia  complete  within  itself,  and  is 
for  sale  separately. 

THE  MEDICAL  STUDENT;  OR  AIDS  TO  THE  STUDY  OF  MEDICINE. 
Including  a  Glossary  of  the  Terms  of  the  Science,  and  of  the  Mode  of  Prescribing; 
Bibliographical  Notices  of  Medical  Works;  the  Regulations  of  the  different  Medical 
Colleges  of  the  Union,  &c.     By  Robley  Dunglison.  M.D..  &e.  &c.     In  one  vol.  9vo. 
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LEA  &  BLANCHARD'S  PUBLICATIONS. 

ESSAYS  ON  ASTHMA.  APMTH.t;  ASPHYXIA,  APOPLEXY.  ARSEMC. 
ATROPA,  AIR,  AiJORTION,  ANGINA  PECTORIS,  and  other  subjects,  embraced 
in  Ihu  Articlee  from  A  lo  Azule.  prepsrcd  for  Ihe  Cyclopredis  of  Pmcircal  Medicine 
by  Dr.  Chapman  and  olhera.  Esoh  article  ia  complete  within  ileelf,  and  embrmcea  the 
prsclical  experience  of  its  author,  and  as  they  are  only  to  be  had  in  Ihia  colleclioo, 
will  be  found  of  great  value  to  the  proFeesion.  The  two  volumes  arc  now  offered  at 
a  price  bo  low,  bs  to  place  them  within  the  reach  of  every  practitioner  and  student. 

OUTLINES  OF  PHYSIOLOGY;  with  an  Appendix  on  Phrenology.  By  P.  M. 
Roget,  M.D.,  Professor  of  Physiolotry  in  the  Royal  Institute  of  Great  Britain,  Sic 
'^irat  Amecicnn  edition  revised,  with  nnmerous  Notes.     In  one  volume  octavo. 

GEOLOGY  AND  MINERALOGY,  considered  with  reference  lo  Natural  Theolopy. 
By  the  Rev.  Wjlliam  Buckland,  D.D.,  Caoon  of  Christ  Church,  and  Reader  in  Geo- 
Injy  and  Mineralogy  in  the  Univeraily  of  Oxford.  With  nearly  one  hundred  copper- 
plates and  largo  coloured  mapei.  A  new  edition  from  the  lata  London  edition,  with 
supplementary  notes  and  additional  pliile& 

THE  BRIDGEWATER  TREATISES,  complete  in  aevea  volumes  octavo,  em- 
hracing: 

'   "hs  AdDiiIition  of  Eilcinal  NiluiB  to  ibe  Unnl  and  InlrllMluil  CoaititDUiiD  oT  Man.    Bf  tbg 
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A  POPULAR  TREATISE  ON  VEGETABLE  PHYSIOLOGY,  by  W.  P.  Car- 

penler,  Author  of  Principles  of  Human  Phyeiology,  *=■>  published  under  the  auspicea 
of  the  Society  for  the  Promotion  of  Popular  Instruction.     With  numerous  wood-cula. 
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A  POPULAR  TREATISE  ON  AGRICULTURAL  CHEMISTRY;  intended 
for  the  use  of  the  practical  farniei.  by  Charles  Squarry,  Chemist.     In  ona  vol.  ISma. 

ROGET'S  ANISIAL  AND  VEGETABLE  PHYSIOLOGY,  with  nearly  five 
hundred  wood-cuts,  in  two  volumes,  second  American  edition. 

THE  inSTORV,  HABITS,  AND  INSTINCTS  OF  ANIMALS,  by  Ihe  Rev. 
William  Kirby,  M.A.P.R.S.     Illustrated  bj  numerous  copperplate  engravings. 

The  Ninth  Bridge  water  Treatise.  A  FRAGMENT,  by  Charles  Babba^  Esq. 
From  the  second  London  edition.     In  one  volume  octavo. 

A  PRACTICE  OF  PHYSIC.  Comprising  most  of  the  diseases  not  treated  of  m 
Diseases  of  Females  and  Diseases  of  Children,  second  edition.  By  W.  P.  Dewees 
M.D.,  formerly  Adjunct  Professor  in  the  University  of  PenDsylvsnia.     In  one  vol.  6vi>. 

ELEMENTS  OF  HYGIENE;  on  the  Influence  of  Atmosphere  and  Locality; 
Change  of  Air  and  Climate,  Seasons,  Food,  Clothing,  Bathing,  Sleep,  Corporeal  and 
Intellectual  Pursuits,  &c.,  on  Human  Health,  conaliluting  Elements  of  Hygiene.  Bf 
Robtey  Dungliaon,  M.D.     In  one  volume  8vo. 

ABERCROMBIE  ON  THE  STOMACH.  Patl.ologicaUnd  Practical  Re»earcbea 
nn  Diseases  of  the  Stomach,  the  Intestinal  Canal,  the  Liver,  and  other  Viscera  of  the 
Abdomen.  By  John  Abercrombie,  M.D.  Third  American,  from  the  Becond  London 
edition,  enlarged.     In  one  volume  8vo. 

BISEASEsTFiHE  SKIN. 

A  New  WORK. 

A  PRACTICAL  AND  THEORETICAL  TREATISE  ON  THE  DIAGNOSIS, 
PATHOLOGY.  AND  TREATMENT  OF  DISE.\SES  OF  THE  SKIN,  arranged 

according  to  a  Natural  System  of  Classification,  and  preceded  by  an  Outline  of  the 
Anatomy  and  Phyaiology  of  the  Skin.  By  Erasmus  Wilwn,  M.  D„  author  of  n  Syilem 
of  Human  Anatomy,  &.C.,  in  I  vol.  Svo. 
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